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1. INTRODUCIION

The Federal Aviation Administration of the Department of Transpor-
tation requested that the National Bureau of Standards, by InterAgency
Agreement No. DOT-FA72WAI-267, "provide analysis, experimentation, and
report preparation work in the areas of ceiling, visibility, and related
techniques and instrumentation." The study was to culminate in the
preparation of “an encyclopedia of principles, procedures, and equipments
utilized in the measurement of visual range in the United States". This

report was prepared in an effort to fulfill the stated requirement.

The development and application of the visual range concept in the
United States is not well documented. Very little work was reported in
the formal literature. Intergovernmental reports were not given wlde
circulation and at this time are not usually available. Often decisions
were made at meetings of ad hoe commitiees, by memoranda, or by letters.

In preparing this report we have reviewed the formal literature (restricting

our efforts almost entirely to papers in English) and the collection of
reporis, progress reports, memoranda, correspondence, informaition coples,
ete, which has collected during some 35 years of work on problems of
visual range as applied to aviation. In ouwr prepuration of the text we
have referenced formal papers and reports ns applicable, but we have not
referenced correspondence, memorands and the like. There have been a
few ingtances in which we could find no documentation relating to a
significant step. In those inctantces we have relied on the memory of
the senlor author. - 4 '

At the risk of being slightly repetitive, we have, in wo far as
practicable, made each chapter substantlally independent of' the others.
In Chapter 2 we define and explain the photometrie, meteorclogical, and
neronauticsl terms used in the report. Chapter 3 {o a chronologlieal -
reswne of the davelopment and applieation of the runway visual range
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concept, presented without a detailed technical analysis in order to
maintain a historical perspective. Chapters 4 and 5 are detailed discussions
of the theory of the visual range of objects and lights and of instruments

used to measure atmospheric clarity, respectively.

Chapters 6 and 7 comprise a review of the work of NBS and other related
work in the development of the transmissometer, gathering together reports
of work which has been previously presented in progress reports to sponsors,
working and discussion papers, and internal reports. Chapter 8 is a review
of the development of the ceilometer and of studies in the measurement of
cloud height. The report closes with a bibliography of the books, papers
and reports consulted during its preparation and found to be pertinent.

The scope of this report does not include a discussion of the parallel
paths of development of visual range meters in other countries or the appli-
cation of the NBS transmissometer to other purposes such as air pollution,
fop dispersal and camouflage studies. Nor does it include an evaluation of
the effectiveness of approach and runway lights; only the visual range of
these lights is considered.

In preparing this report, extensive uge has been made of extracts from

“early National Bureau of Standards, Civil Aeronauties Administration, and

Weather Bureau reports.

English photometric units and units of length have been used in most
ot this report, since the oripinal choices for values of sueh items as
distances and illuminance were rounded values when expressed in English
units, Where the original work was in metric units, as in the work of the
International Civil Aviation Organization, metric units have been retained,
Paronthetical equivalents are given only when conaidered essential since
it is expected that most readers will be "bilingual". However. becausze of
the complexity of photometric units, tables of equivalentnz are given In
Sections 2.1.6 and 2.1.9. ' '

At this point we want to pay tribute to the many persons who contributed

aignirieantly to the development and appliceation of the RVR concept {n the

Unfted Slutea. At the risk of omitting some deserving persons, we exprens
our appreciation to our former colleagues at NBS: to F'. C. Breckenridge,
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who with H. J. C. Pearson of the CAA, initiated the ceilometer and trans-
missometer development; to M. K. Laufer and L. L. Young who decipned the
initial model of the transmissometer; to A. N, Hill for his assistance in the
design and testing of the first commercial transmissometers; to J. W. Simeroth,
who for twenty years was in charge of’ the NBS Visual Landing Aids Field
Laboratory at Arcata, and to his associates, especially J. E. Davis and J. C.
Wilkerson; to D. H. Hutchison and G. H. Stocker, Meteorologists at the
Landing Aids Experiment Station 1946-1950; to R. K. Crossley of the Crouse
Hinds Company. for his mechanical design of the commercial transmissometer;
to our associates L, W. Foskett, R, . Guenthner, Joseph N. Cooper, and

Dale Harris, of the Weather Bureau, who implemented the operation of the
civil runway range systems; to J. W. Connolly, who when with the Air Force,
conducted the operational suitability test of the transmissometer; to E. F,
Corwin, A, L. Lewis, R, D. Hartz of the Navy for their continued support of
viasibility studies at NBS; to W. E, Eggert, E. W, Estelle, C. G. Knutson,
Mathew Lefkowits, and E. E, Schlatter of the Weather Bureau, who conducted
the f1ight teats at Newark and Atlantle City; and to the many people of

the CAA and FAA for technical and adminictrative supporc during the "testing”
period, eapecially to B. J. Vincent, To those whose namea we huve omitted,

we apologize and expreas our sincere appreciation oi thelr contributions,
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2. DEFINITIONS OF TERMS

This section contains the definitions and, where required, the
explanations of technical terms as used in this report. Definitions
are based upon current usage, and, wheia there has been a change in

usage, an explanation is gilven.

The following publications have been used in the preparation of
these definitions:

ASTM Special Technical Publication 475, Nomenclature
and Definitions Applicable to Radiometric and
Photometric Properties of Matter. (O)*
CIE International Lighting Vocabulary., (71)
Federal Meteorological Handbook No. 1. Surface Observations
Circular N ([36)
Holmes, Terminology for Flashing Ligat Signals. (46}
IES Lighting Handbook [51)
International Civil Aviation Annex 14 {53, 54)
International Dictionary of Atdg te Marine
 Navigution, Chapter 2, Visual Alds. (5]
- Middleton, Vision Throwgh the Atmosphere.  (9%)
USA Standard &7,1-1967, Nomenclature and bellnitlons .
for I[ilurinaving Englneering.  (5) '
World Meteorological Organiation Gulde, Chapter 10. (1.4)

7 In this aectian the terme are arranged 8o that, {nsofar ag p@saiblé;'
- technieal terms used in a delindtion have'bcon def'inmd before they ure-
‘uged -in defining other terms. As an uld in 1969t1ng'apecific terns an
alphabetlieal index of temns fa given ut the end of thiz Chaprer.

For elarity, some of the del'initions ave in colloquial lunguage
rather than in the precise general torminology of the publicutions .
reforenced above. ' -

Nunbers in brackels refer o referenves listed at the end of the Tepory.
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2.1 GENERAL PHOTOMETRIC TERMS

The symbols used in these definitions, and throughout the report,
are consistent with those recommended by the International Commission
on Illumination.

2.1.1 Light:-

For the purpose of this report Iight may be considered as visually
evaluated radiant energy. Strictly speaking the term (ight should be
applied only to that part of the electromagnetic radiation spectrum which
is capable of causing a visual sensation directly. However, it is
common engineering practice to apply the term to radiation which contains
some ultraviolet and infrared radiation in addition to the visible
radiation which is of primary concern; for example, "“the light from a
sowrce incident on a photoelectric receiver”.

The term tight ig also w mean the fitting or fixture which
emits a light signal; for example, approach light.
2.1.2 Radiant Flux (Flux):-

The time rate of flow of radiant energy

Symbol: ¢% i‘unl;:' waty o
2.1.3 Luminous Fluxi= |

The time rate of (low of luminous enerygy (xighb)

Symb01° é‘ C under lumen

When the oontext i§ ¢loar tho torm !tux is glton usod inst@ad 0?:

lwmous flux. .

~ Unless otherwiso indicated tno luminaus flux 1n qn@stioa relates w
'photepie (wone) vision. - ' ‘

_ *Th@ Jymbola for phctomotric quantltiea aru Lhe 3afe as Lhase for th@ : 7
correspording radiometric quuntitive. When it s necessary w dixrorentinta .
them the subsoripts v and o should bo used, eig., $, nd 9. |
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2.1.4 Luminous Intensity (Intensity):-
The luminous flux per unit solid angle.
Symbol: 1 unit: candela

older units: candle,

candlepower.
For engineering purposes the terms candeias candie and candiepower

can be considered synonomous.

The defining equation of luminous intensity is
= d¢/due.

The Intensity of a sourve iz a functicn of the direction in which
the light 1s emitted. Thus the direction of emjssion with respect to
a kuown frame of reference should be stated.  The luminous Irtengity is the
luminous flux wn @ small surface nommal! to that direction, divided by the
solid angle () (in steradluna) that the surface subrends at the souree, '
HEM tlseings are {‘requeml,f deaeribed In terms of thelr pesk intcmiu
by thelr uverage intensity,

2.1.5 Average Intensity (Representative Intemsity):-

~The goneept of using "m averae or pepresen wtive Inteneity o vumpuuné
the ef'fe ive visual range of air?;@lg Hghis vrigliuted in wnwe 4,0, ggrihg
t.ne early development of the runimy vls m;i rate pr« rat, dee dectliong o

-3*2 1 dﬁd 11.3 5. and refevetice (40,

buring ne-;'i'* rth Meeting, . um wnxu:n Alds "km:‘z-i prnted lhat "ixé
ng

intenalty- to be used b the ;sse.; dirght ol' KK atiald be the inteneisy
cuf' 6 typlesl new Light averhged over the apeeilied besm sprends, with
ail intensitioa greater than three iimes the minimum av.-;&;.emsig,,z wlihin

Lhie s;péu"mss reglon being conz;idonfd ag Lhrwe times the minisum. puitie

phed By an uppropeiste reduction M or 167]. e beam puttern fe
ué‘sgr;b@d as un eliipoe with ine .l.en.:ms of 1.1 szer equal to the sweii’i@d

 vertieal and horfsontul beasm spresds, (A .mnmm aystet with vm‘tmal atud
horizental angles ui. the voordistbes lu assused ).
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If detailed.iso-candela curves, cor numerous intensity distribution
curves are avallable, the average intensity within the ellipse ic com-
?» puted from these curves. Frequently, detailed information is not
2 available, In such cases an approximation to the average intensity is
computed from the horizontal and vertical intepsity distributions through
the beam axis., (The beam axis is defined as lying midway between the 50%
. points of these two distributions.) The approximate average intensity is
taken as the average of the average intensity in the horizontal plane
between the specified horizontal angles and the average intensity in the

L vertical plane between the specified vertical angles.

In all cases, the restriction that any intensity more than three
times the minimum be treated as being three times the minlmum must be
observed. This restriction is needed to avoid the undue influence on
the "average" intensity which would be produced by a narrow peak having
an intensity much greater than the intensity in other parts of the

A e
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i . specified region.

é'f S ' 2.1.6 I1luminance {I1lumination):-

Luminous flux per uhit area.

Symbol: F . ~1£Unit: SI - lux (one lumen per square meter).
' " English - footcandle (one lumen per
' - "square foot,)

The defining equation is
E = d¢/dA.

Notes The tnfm illumination is frequently used instead of the
preterred term illuminance although thie usage oonflicts with the
recommenced practice., In present usage the ending tion is reserved for
terms designating processes; that 18, the process of reflection, transmission,
illumination, eto.  The ending ance is used for the designating of measurable
quantities.

Other units of illuminance which have been used in relation to.

vision thruugh 1! s atmosphere are
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mile canile:- (one lumen per square mile) and kilometer candle

(one lumen per square kilometer).

A mile candie is the illuminance which would be produced by a source
having an intensity of one candela at a distance of one mile in a perfectly
transmitting atrosphere. The terms footcandle, meter candle, mile candle,
and sea mile candle are similarly defined with the unit of distance
belng changed as appropriate.

The illuminance produced on u surface a distance x from a point
- source and perpendicular to the line of sight in a perfectly clear
atmosphere is glven by the equation

E = I/x° (2.01)

where I is the intensity in the direction of the line of sight,

Relations between the several units of illuminance omputed from
this relation are given in table 2.1.

Table 2.1
Relatlons between Units ofVIlluminance

6 &

Ong lux = 10" kilometer candles = 2.59 x 10 mile candles*

- 0,0929 footeandles.

One foopaandle = 10,76 1ux = 1,076 x 107

kilumator candleb

= 2,79 x 10 mile candlest,
';One mile candle* = 3,59 x 10-8 footeandles = 0,386 kilometer gundLu :
= 3,86 x 10~7 lux,
One kilometer. candle = 107 lux (one microlux)
>= &ng nile ound‘@a* o 9. 29 % 10"‘8 Pootuandle

*When Iknglish unit@ are used tha usual practice 13 to use the Lerm B
mile candie when the unit of length ls u statut@ mile and sea=mile candle
o when the unit of 1ength s a nautigal.mila. {ne mile candle is equal Lo

~ 1,326 sca~mile candles. S R | |

REE I
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2.1.7 Normal I1luminance:-

The illuminance measured at a point in a plane perpendicular to the
incident rays.

In signal lighting the modifier normal is usually omitted. Normal
illuminance is referred to as illuminance.

2.1.8 Point Brilliance:-

The normal illuminance produced by a (distant) source on a plane
at the observer's eye. It is the quantity involved in the visual
observation of a source of light when viewed directly from such a
distance that the apparent diameter is not appreciable. The pgint
briliiance is measured by the i{lluminance produced by the source on a
plane at the observer's eye normal to the direction of the source.

Symbol: E ~ S8I Unit: lux (1x). Frequently expressed in
microlux (ulx).
Non-metric Unit: Footcandle
Customary Units: Mile candle, sea-mile candle, kilometer
candle.

2.1.9 Luminance:-

This is the most difficult concept to define. For purposes of thie
report the tern can be best defined by a figure illustrating photometric
_eoncepta. ik an lllust.ruhiuix. propared by L. B, Bapbrow of the Natfonal
‘Bureau of Standards, is shown as figure <.1. The following definition '
18 that given in reference (5]. ' ' ’

© “Luminance (Photometric Brightness),
L2 ddy/dw (dA cos 8) = dI/(dA cos 0).

- ' Luminance (photometric brightness) in a direction, at a
‘point of the surface of a source, of a receiver, or of any other
real or virtual surface ie the quotient of the luminous flux
le.wing, passing throwh, or arriving at an eloment
‘of the surfuce sm'voundimg the polnt, and propagated
. In dircotions deftined by an clementary vone containing

. - i M g ..
» “ *&!"‘vv. .‘pv.p- Ch . _wu w‘ \*pml T

‘.‘ ’




2-1

"3DURULWNG PUR ‘UOLIRULWN||L *XNjj Snourwn] “A3L1SU3lul SNOLLWN| JO SPLUf} | .—_..N .u.:.mﬁ .,

9 Hun 1S« TN 271 St 4oium L w/0[apuose ust 1o
8LSOdV 1 St yIym wr/udwny | jo ou:oc.Ea_ 0 Aoy Ipm 4QqQq
ald/7013pudl 4 /)y ._...
LY3BAVTLIOO0T | S! udyM _13/udwin | JO 32uBGIWNg © A0y Jim 359
"HTLS &71 S 4IYM d/0§3pu0u u/p 40
L1¥IBNVYT 1 S 4YIym Lwd/u3wnN| | JO IJIUCUIWN] D JADY [|1M a989

U3y} — @AQA —10—3372 — 9389 4q 13uuow asngup

K§2953d o w P34231J32 §1 (SUOLIDINP 1I0 Wi DJIpUD3 |)
V woiy xnjj snouwng 3y§ jJo %L OO Jwnssy

JONVYNINNT 40 SLINN —s

'SUOYIINE |0 Ut ¥TIANVI 1= Y

A .
‘0I3pUDY |-y woi} GAaqgq ‘DIRPUDI |-y WO IIID ‘DIapuUDI; -y wos; 96888
uo Buijjoj udwny | jo xnj} uo buijo} uawng § jo xnyy ud Guyop vawng § jo xny

ayy wosy bunynsas uoyouiwn)p 3y; wois} buynsas uoyourwsnyp Y} wosy buynsa, com—ocmﬁ..-:.
Jo un 3yt st XNx 3yL  §2 pun Ay st JIGNVYILOOI aul JO Jun Iy s hd:m. L

~—— NOILVNIANT 1 40 S1INN
aWi s1 gaqa 3431 81 232D : 2w st §884
1343w | S1 g Aud 0} v juiod 131 51D Auo 0} v jurod wd | 51 g Lud 0} v Juiog

‘UDIPDIAS JUO JO 3bupb prjos Jun o nuyy SUONJIIAP |10 U! DJAPUDI | WO XNy SNOVIWN] dys St NINN - o.:.
¥ 2b02 ‘unurie|d 32 voyodPos jo niosadwdy Ay, o Buyosado
40}01p3) £ApoOQuI0Iq D 0 DaID payd3fosd Jo W31 9 09/1 0 Apsudju snouviais) Ayy St jud.mﬂut o.:.




R e St L U

the given direction, by the product of the solid angle

of the cone and the area of the orthogonal projection

of the element of the surface on a plane perpendicular

to the given direction; or it ;s the luminous intensity

of any surface in a given direction per unit of projected
" area of the surface as viewed from that direction."

In many of the earlier papers the term brightness, with the
symbol B, is used instead of luminance.

Units of Luminance:

The endorsed method of expressing iuminancg is candelas per
unit area, the defining equation being
= I/A,

The SI unit of luminance is one candela per square meter. The
tuminance of lamp filamenis has usually been expressed in candelas
K4 per square millimeter, or per square centimeter. In the English system
v both the inch and the foot have been used as the unit of length.

There is also a group of units contrived for the sake of numerical
convenience, the lambert, or millilambert, in metric unlts and the
footlambert in English unite. The luminance of a uniform, perfect
diffuser is one footlambert when the illuminance on it is one lumen per
square foot (one footcandle).

Relations between several of the units of fuminance in common use
are given in table 2.2. '

Table 2.2
- Relatlons between Units of Luminance

One lambert = 103 millilamberts = 3.183 x 103 candelae per gquare meter =
'Hf:9 2% x 10% footlamberts = 2. 957 x 102 candelas per square foot,

, One candela per square foot = 3.382 x 103 1amberts = 3 382 millilamberts =
e 10 7% candelas per aquare moter = 3 142 fcotlamberta. :

28
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One footlambert = 0.3183 candelas per square foot = 1,076 x 1077 lamberts = -
1.076 millilamterts = 3.426 candelas per square meter.

-2
One candela per square meter = 0.2919 footlamberts = 9.290 x 10 © candelas i
per square foot = 3.142 x lO-4 lamberts = 0,3142 millilamberts.

One millilambert = 3.183 candelas per square meter = 0,9290 footlamberis =
0.2957 candelas per square foot = lO"3 lamberts.
2.1.10 Brightness, Subjective Brightness, or Luminosity:- .

These terms are used to describe the visual sensation. In practice,
luminance is the descriptive term used for light energy effective at the
eye. It 1s the physical stimulus. The brightness of a surface depends on

various elements of the visual image as perceived by the eye and the
brain, It is the sensation.

2,1.11 Contrast:-

As used in this report, contrast is defined by the following
equation:
= (L, - L)W/ (2.02)
where
Ly is the luminance of the object, and

Lb is the luminance of the background

The luminances referred to above are the inherent luminances; that
1s, the luminances as measured {rom a position, on the line of sight,
sufficiently close to the object so that the measurements are not

- affected by atmospheric logses.
_ ' When an object is darker than ite background, L is leas than Lb
' _ and C is negative.
. The Iinherent luminance of a truly black object ic zero. Hence,
.~ for such an object, Lo is zero and the contrast is -1* for all back-
~ - grounds., This is the lowest contrast an object may have. Theoretically,
‘ -there is no limit to the contrast for an object which is lighter than.

%500 2.3.6




its background. However, under.natural conditions, the maximum
contrast which a sun-lighted wnite object may have is about 5 for a sky
background and 20 for a terrestrial background. :

2.1.2 Apparent Contrast:-

The apparent contrast, Cx’ of an object at a distance, x, from the
object 1s defined by the following equation: '

- be)/be (2.03)

where Lx and be are the apparent luminences of the object and its background
‘respectively. These Juminances are the luminances measured from the

distance x,

Additional Material: For a more detailed explanation’of photometric
concepts see references {95], (51) and (5].
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2.2 TERMS RELATING TO THE ATMOSPHERE

s
.

2.2.1 Transmission:-

T g

Transmission is now defined as the passage of radiation through a
3 medium without changes in the frequency of the monochromatic omponents
E@ of which the radiation is composed. In the past the term transmission
has been used synonomously with transmittance. See the Note
following definition 2.1.6.

2.2.2 Transmittance:-

The ratio of the transmitted radiant or luminous flux to the incident
flux. That is

b= ¢/0y. | (2.04)

Transmittance may be considered as the ratio of the flux from a

¥ source recelved incident on a receptor (which may be the eye) after

E passage through a medium, without refraction, to that which would be
received if the medium were removed. Since the aerosols of the atmosphere
both scatter and absorb light, the transmittance is mixed, that is, part
of the flux from the source incident on the receptor has been tvransmitted
from the source without scattering, and some after having been scattered

in the direction of the receptor.

. Thus

where

1s the (total) transmittance

is the regular transmittance.

the transmittance based upon-

‘unscattered flux, and

t;  1s the diffuse transmittances
the trlnsmittancc based upon

'acuttered flux,

21




Note: The symbol T is the internationally recommended symbol for ,
transmittance. This symbol has not been used in this report since so

many of the earlier reports and papers used t.

The distance one can see is a function of the regular transmittance.
In most of the literature pertaining to visual range, as in this report,
the ‘term transmittance is used without a modifier when regular trans-
mittance is meant. The definition of transmittance given by WMO, "the
fraction of luminous flux which remains in the beam after traversing
an optical path of a given length in the atmosphere" implies regular
transmittance.

Although transmittance is dimensionless, when the term transmittance
is used to describe a state of the atmosphere the distance to which
the transmittance applies must be stated, e.g., the transmittance over a
baseline of 500 feet is 0.0L.

Note: If the (regular) transmittance, tb' of a uniform atmosphere
over a path of length b is known, the (regular) transmittance, ta' over a
path of length a is given by the relation

¢, = ("b)a/b (2.06)

Equation (2.06) is valid only when the transmittance is independent
of the wavelength(s) of the incident flux.

2.2,3 Transmissivity:-
Transmittance for unit distance within a light transmitting medium,

Symbol: T
The unit of length must be stated although the term ls dimensionless.

Note: In current practice the endings -tion and -sion are used for
the designation of processes, as in, transmission; the endings -ance
and -ancy are used in reference to measurable quantities such as trans- .
mittance; and the ending -ity to the properties of materials or media.
The term coefficient also refers to propergias o£ materials or media.
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The relation between the transmissivity, T, and the transmittance
' over a path of a given length, b, may be found from equation (2.06) by
setting a equal to one. Since ta is then the transmissivity, T,

T = (tb)l/b ‘ (2.07)
or
_ D '
ty = T . (2.08)

Equation (2.08) has caused difficulty to many who use dimensicnal
analysis because the exponent of T does not appear to be dimensionless.
It should be remembered that the exponent is in reality the ratio of two

lengths, where the magnitude of the length in the denominator of the
- exponent 1s unity.

Equations (2.06), (2.07) and (2.08) and those following apply strictly
%- only to monochromatic light or to an atmosphere which transmits light of all

E‘ : wavelengths equally. They are, however, sufficiently accurate in approxi-
mations for most work in atmospheric optics. See Section 6.4.3.

2.2.4 Transmissometer, Atmospheric:-

An instrument for measuring the regular transmittiance of the atmos-

phere between two points in space. The term ls usually used without the
modifier atmospheric.

It is not possible to construct an instrument which will accept only
the regularly transmitted light. The Instrument will always accept some
radiation which, though emltted by the source, would not be accepted by
the receiver, had its durection not been changed by scattering enroute.
In a well designed transmissometer the amount of scattered radiation

- accepted is kept as low as is feasible.

. 2.2.5 Absorption Coefficient, Atmospheric:-
The absorption coefficient, a, may be defined by the equution

@ = -d¢, /¢dx
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where

d¢ 1s the flux absorbed as light passes through a lamina of thick-
ness dx perpendicular to the line of sight and ¢ is the flux entering the
lamina., The unit of length, must be stated.

The negative sign indicates that an increase in x is accompanied
by a decrease in ¢, that is, d¢ and dx are of opposite signs, and a
is, therefore, positive.

Note: The absorption coefficient is negligible in clean fog.
2.2.6 Scattering Coefficient, Atmospheric:-
The defining equation for the scaptering coefficient, B, is
B = -d¢ /¢dx

where d¢s is the flux scattered as light passes through a lamina of thickness
dx and ¢ is the flux entering the lamina, The unit of length must be
stated.

2.2,7 Extinction Coefficient:-
The extinction coefficient, 0, is defined by
0 = -d¢/¢dx (2.09)

where d¢ is the flux absorbed and scattered as light passes through
8 lamina of thickness dx and ¢ is the incident flux. It is apparent that

g=o+B | (2.10)
. The unit of legnth must be stated as ¢ per meter or ¢ per foot, etc.

Integration of equation (2.09) and applying the boundary condition
that when x is equal to zero, ¢ is equal to ¢y» the incident flux yields -
the following equation for °x’ the flux in the beém at a distance x: |

¢ /0y = "0X (2.11)

Equation (2.11) is strictly applicable only to monochromatic light
“or to a non-selective atmosphere. See Section 6.4.3. ‘

The quantity ¢x/¢»i is the transmittancc over the.dietance‘x.~,
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Hence

t, = ¢ 9% (2.12)

, 1
1= %
or
T=e” (2.13)
o o = -In T, (2.14)

Note that the integration as performed is valid only if the atmos-
phere is spatially uniform and is not spectraliy selective.

2.2.8 Scattering Coefficient Meter:-

An instrument for determining the scattering coefficient by measure-
ments of the flux scattered from a light beam. : i

These meters are frequently called extinction coefficient meters.
v Since thelr response is not significantly alfected by atmospheric absorp-
: tion, their output is a function only of the scattering coefficlent, B8,
not of the extinction coefficient, o.

2.3 TERMS RELATED TO VISION

2.3.1 Threshold:-

© . The value of a physieal stimulua»(sueh ag size, luminance, contrast
or ti_me) that permits an ebject to be seen a specific percentage of the
“time or at a specific'aceuraey level. Often thresholds are presented in -
terms of 50 percent, or 95 or 99 per cent,-deteetion. However, the -
threshold also is expressed as the value of the physical variable that -
permits the object to be Just barely seer. Therghreshold may be
g determined by merely detecting the presence of an objeet or it may be
deternmined by'discriminnting c@rtain.détaiia of the 6bjoet,'designataﬁ 7 A
-ug detection and recognition thresholds respectively. Detection thrc;hplésl'-"
are applicable to laboratory, but:usun;ly notvﬁo.fpractinal.vproblems.r1'
© Sec definltion 2.3.4. : | o




2.3.2 Illuminance Threshold (Visual Threshold, Threshold I1luminance):-

The minimum illuminance at the eye required to make a light source
visible. This threshcld is a function of the angle subtended at the eye
by the source, the luminance of the background, the observer's knowledge
of the location of the light, and the criteria used in determining

whether the light is "visible". Usually it Is not greatly affected by the
color of the light. OSee Section 4.4.7 for a discussion of illuminance
thresholds applicable to the meteorological observer and to the pilots.

2.3.3 Luminance Contrast Threshold:~

The minimum Juminance contrast at which an object is visible against
its background under stated conditions: The contrast threshold is not a
constant but is a function of the angular size of the object, the
luminance of the background and the criteria which are used to determine
if the object is "visible", and the observer's knowledge of the location
of the object., See Section 4.2.1 for a discussion of contrast thresholds
applicable to the meteorological observer and to the pilot. -

Symbol: € (epsilon)
2.3.4 Field Factor:-

The ratdo of the threshold applicablé»ze‘oﬁarati@ﬁal condi tions wiih~'

' unstructured viewing to the ‘threshold obtained under I&b@ratorj c@nditions
'-using a foreed cholee res sponse, & s‘mple background, with the sbserver

‘knowing where and Wwhen to look for the target is ?requently d@»ignated 48 R

the field flctor. Fleld factors are usually of Lh@ @rder or 2 0 20,
depending upon the criteria appliéd (51, 1131., R I

2,35 Allard's Law:- I |
| An equation ralating th@ illuminance predu»ed by a gowree 04
intensity I on & plane normal 1o the line of sight at 8 distance X frcm '

. .the gource and ‘the atmospheric transmissivity i;. ~1 Th& equatien
;«relnting those parametera is._ o

1-:. it o | (2 15)
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| -.icOtrespondinq to the avarag@ oy@-lovcl ot p;lots at. touchdowﬁ

2.3.6 Koschmieder's Law:-

An eyuation relating the apparent contrast, Cx’ of un object viewed
against a sky or fog background, 1ts inherent contrast, Co, and the at-
mospheric transmissivity ({78, 79). The equation relating these
parameters is

c, = C, T*, (2.16)

Note that, since the traasmissivity, T, is never less than zero,
Cx and Co will always have the same sign. Hence in mathematical manipu-
lation of equation (2.)6) all contrasts may be considered as being positive.
This is necessary when logarithms of both sides of the equation are
taken. ' '

2.3.7 Visua: Range (V):-

The maximum distance, usually horizontal, at which a given object
or ligit is visible under particular conditions of utmospherie trans-
mission and background luminance. Photometric duta deseribing the obJect

-or light in question, and the viewing canditiona must be stated. Thus

"the visual range of a light source { produeing an ime:mty) of 10,000 .
candelas (in the direction of view) s x miles wbon the (atmuspheric)

_transmissivity is 0.5 { per mile) DJ day (when Lhé bﬂekgr@und luminsice _ 
. 18 1000 fuailamberts)” mhe parts or th@ gentenc@ gn»;caﬂd ih parenth@s;s .
.-are. i‘vequeml:y omitted, S ' :

Notea In maritime pxaeeice the cerm v:sull rlntc is applied enly to

".,}_objacts. Thc term “luminaus ranga“ is appl;ed . liqhts.

' Hatet in t.ha 1940's the .ezm v;sua! nnu was’ ftequenuy used o

h:f‘j}synoncneuﬁly as or in plﬁué ‘of the term vxsxhllitv as d@fin@d in 2 3. 13._':‘ ol
B X 3 8 Runway Visual Range “(RVR): o B | i

e d@f‘in@d in Axmex 14 l'*,il runway vuual rande i “the mumm

A :~,‘d13tanc@ in the dir@@tion of . zwk@-@ff or 1ﬁuding it wnich the ?unwaj or- ‘

o the sp@uifieﬁ Iights or hs?k@r& del;nv@ting iz can be goen fr@m & p@siti@n T

_ubove i specif‘ied mim. on iw genter line gt a he;gh:. wwsp&am% w >
:the avemg@ w@-lwel af 911@&» a4t t@uchdwn.

: “Natﬁ 1. A height 6t appraxiuately 3 m (16 ft) 13 xoqardﬁd as
FRT

e ',;v ,::i ‘-c.ﬁ R ﬁeehw*; o
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“Note 2. In practice, runway visual range cannot be measured directly

. from the position specified in the definition but is an assessment of what

a pilot would see from that position.

"Note 3. For the purposes of the specifications in Annex 14 the speci-
fied lights are considered to be high intensity lights of the order of

10,000 candelas. Markers zce not taken .nto account."

The U.S. definition of runway visual range in Federal Meteorological
Handbook No. 1, Surface Observations, 1s given as "A value normally
determined by instruments located alongside and about 14 feet higher than

" the centerline of’the'runway and calibrated with refersnce to the sighting

of high intensity runway lights or the visual contrast of other targets -
whichever yields the greater visual range." '

2.3.9 Slant Visual Range (SVR):-

Fundamentally, siant visual range 1s the visual range of a specified
object or light along a line of sight which differs significantly from the
horizontal. If the transmissivity does not vary with height, then the
visual range of a light or object along any slant path will he equal to
the horizontal visual range of the light or object providing changes in
background conditions do not have a significant effect. If the transmittance
changes with height, the clant visual range is also a function of height

and the height to which the stated slant visual range applies must be

given.

Since the maximum depression of the line of sight over the nose of
a typlcal aireraft is about 15°, the difference between the length of
the slant path to the most distant obJect or light visible and the length
of the projection of this path on the horizontal is usually not significant.

2.3.10 Visual Segment:-

The distance between the most distant light or object which is
visible and the nearest light, or object which is not obstructed by the
nose of the aircraft., The geometry is shown in figure 2.2.

Frequently, the concepts of visual sement and slant visual range ';\‘
are confused and a short visual seement is incorrectly interpreted us
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indicating that there is a large difference between the slant visual

range and the horizontal visual range. In dense fog, a change in height
can make a very significant difference in the length of the guidance
segment., For example, in a normal approach, with a 15° cockpit cut-off

and a uniform fog in which the slant and horizontal visual ranges are 1400
feet, at a height of 200 feet, the length of the visual segment is 627 feet
and 6 or 7 lights of an approach light system (with lights spaced at 100-foot
intervals) would be visible., However, at a height of 260 feet, the length
of the visual seegment is 395 feet and only 3 lights would be visible. The
effects of change in height are even more pronounced if' the fog intensity
increases with height, as it often does.

2.3.11 Contact Height (Vertical Contact Height):-

The height at which visual reference with recognized lights or objects
on the surface can be established sufficiently to permit visual determin-
ation of the ground plane and position.

2.3.12 Approach Light Contact Height (ALCH):-

The concept of approach light contact height is defined by Eggert
(34] as, .
"The helght above ground at which a pilot making an
ILS or GCA approach can expect to sce at least a 500=
" foot segment of the approach light sysvem, with certain -
probabilities”, '

2.3.13 Visibility or Meteorological Visihility:-

The term visibility is used for two Qoneepte in: deaﬂribing atmog-
pherie conditions:

G, Asa qualitative term to deseribe the clariny ﬁf the atmosphere,,
a8 "1n periods of good visibillty".

7 b. As a qunntitative term to-express the clarity of the atmosphere
in units of distance. ’ :

In Federal Mbteoralogical uﬁndbcok Ne. 1 (36], visibility io :
_ defined as, "the ¢ greatest distance at which: selected objects can be geen .
- and identified.” Dark or nesrly dark obJects viewed against

- ,  ‘73'20




the horizon sky should be used by day and unfocussed lights of moderate
intensity (25 e¢d) should be used by night. The Fourth (1971) Edition
of the WO "Guide to Meteorological Instrument and Observing Practices" [128]

gives essentially the same definition. This is, of course, U.S. practice

and the NBS transmissometer was calibrated using these criteria.

However, in most countries visibility and meteorological visibility
at night have been reported as the distance at which a black object viewed
against a sky background would be seen if it were day. This usage satis-
fies the requirements of the meteorologist since it yields a one-to-one
correlation with atmospheric trénsmittance and a change from day to
night does not produce, by itself, a change in the visibility. However,

it 1s operationally unsound. A prominent British lighting engineer once

stated that the reaction of pilots when this meaning of nighttime meteoro-
logical visibility is explained to them, is one of incredulity mixed with
resentment. One must constantly keep in mind this difference in usage '
when interpreting reports and discussions of those who are not residents
of North America.

As stated in definition 2.3.7, during the 1940's there was a nove,
led by Middleton, to use the term visual range for the concept of visibiiifv
as defined above, and many papers and reports prepared during that period,
including those of NBS, use the term visual range in this context.

2.3.14 Meteorological Optical Range (MOR):-

The length of the path in the atmosphere required to reduce the
luminous flux in a collimated beam from an incandescent lamp at a color

temperuture of 2700 K to 0.05 of its original value, that ls, the length

of the path in the atmosphere for which the regular transmittance is

. 0.05.

2.3.15 Meteorological Range (MR):-

The length of the path in the atmosﬁhere required to reduce apparent

gontrast to 0.02 of. the inherent controst.

This definition is based ubon’the-aasun@tion of a contrast throu.old, .

- firgt made by Kosehmieder, of 0.02. This contrast threshold was bused =
"upon'lﬂboratory conditions. Exporienee has shown that the use of this

TN




value was rather optimistic; however, it is spill in frequent use.
2.3.16 Prevailing Visibility:-~

The greatest visibility equal or exceeded through at least half the
horizon circle, which need not be continuous, that is, the median visibility

around the horizon circle.
2.3.17 Runway Visibility (RVV):-

The meteorological visibility along an identified runway. When a
transmissometer is used for the assessment, the instrument is calibrated in
terms of sighting a dark object against a fog or horizon sky background
by day and lights of moderate intensity, about 25 candelas, by night. The
use of runway visibility was superceded by the use of runway visual range
in the early 1960's ag the RVR digital readouts ("computers") were
obtained.

It is now used when observations are made by a human observer
from a position near the runway during transmissometer outages.
_ 2.4 TERMS RELATED TO AIRCRAFT LANDING OPERATIONS
2.4.1 Runway:-

A defined rectangular area, on a land aerodroms, prepared for landing
and takeoff of aircraft along its length.

2.4.2 Runway Threshold (Threshold):-
The beginning of the runway usable for landing.
2.4.3 Touchdown Zone (TDZ):-

The part of the runway immediately beyond the runway threshold where
aireraft usually touch down; usually considered as being 900 meters (3000
feet) in length. v '

2.4.4 Approach Zone:-

-The area immediately before the runway threshold over which the
aircraft passes when making a landing.

'2.4.5 Approach Lights:-

_ A conrigurgtién of lights located in extension of a runway before
the threshold to provide viaual_appruuch and landing guidance to pilots.

2.2




2.4.6 Threshold and Runway End Lights:“

v
Lights placed to indicate the beginning and end of that portion of

a runway usable for landing, respectively.
2.4.7 Runway-edge Lights:-

Lights installed along the edges of a runway marking its lateral
limits and indicating its direction.

2.4.8 Runway Centerline Lights:-

Lights installed in the surface of the runway along the centerline
indicating the location and direction of the runway centerline; of
particular value in conditions of very poor visibility,

2.4.9 Touchdown Zone Lights:-

Barettes of runway lights installed in the surface of the runway
between the runway edge lights and the runway centerline lights to provide
additional guldance during the touchdown phase of a landing in conditions

- of very poor visibility.

2.4,10 Critical Height (C.H.):-

The minimum height above the ground at which an aircraft can execute
a missed approach, Until mid-1964 the term critical helght was used with
the meaning now identified with decision height. At that time there was
an abrupt change in usage presumably because of' the realization that
~an aireraft should not descend as low ag the critical height (as now
defined) without visual reference.

2.4.11 Decision Height (D.H.):~

The minimum height above the ground to which a pilot making an
~ instrument approach may descend without reference to lights or objects .
on the ground before executing a missed approach.

2.4.12 Operational Categories:-

Operational Performance categorics as defined in Amnex 10 [54) -
are : S ‘ L : ‘
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Operational Performance Category I: Operation down to 60 meters
(200 feet) decision height and with a runway visual range not less than
a value of the order of 800 meters (2,600 feet) with a high probability
of' approach success, ’ ‘
Note: 1In the U.S.A., FAA Order 6560.)0 allows some Category I opera-
tions with a minimum RVR of 1800 feet if touchdbwn zone and centerline lights

are available.

Operational Performance Categury II: .Opergtion down to 30 meters
(100 feet) decision height and with a runﬁay 1rigsual range not less than
a value of the order of 400 metpr (1200 feet) with a high probability
of approach success., Do

Operational Performance Category IIIA: Operation, with no decision
height limitation, to and aléng the surfac. of the runway with external
visual reference during the finalfﬁhase of the landing and with a runway
visual range not les§ than a value of the order of 200 meters (700 feet).

Operational Performance Category IIIB: Operation, with no decision
height limitation, to and along the surface of the runway without
reliance on external viéual reference; and, subsequently, taxiling with
external visual referznce in é visibility corresponding to a runway visual
range not léss thén'a'value of the order of 50 meters (150 feet).

Operationai Performance Category IIIC: Operation, with no decision
height limitation, to and along/the surface of the runway and taxiways
without reliew¢e an external visuai reference.

Note 1, == 'The valuea given in feet are approximate rather than exact
eqhivalents for those given in neters and they have been chosen on the
-basis of their operationnl 'significance in establishing runway viaual
xange values, ‘

_ Note 2 == The term “decision height® is defined in the 7™AO PANS-OPS
and the torm “runway visual range® is defined in Annex 14. k

The terms CAT I, CAT II, cte. are frequently used to deseribe weather .
in which the runway visual range is within the following limita: |
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CATEGORY Runway Visual Range

Limits
Meters (Feet)
I 800+ (2600 + )
II 400-800  (1200-2600)
IIIA 200-400  (700-1200)
IIIB | 50-200  (150-700)
I1IC -50 " ( -150)

Note: A runway light intensity of 10,000 candelas is assumed

unless otherwise stated.
2.4.13 Instrument Runway:-

A runway intended for the operation of ailrcraft using nonvisual aids
and comprising: '

2.4.13.1 Instrument Approach Runway. An instrument runway served by a non-
visual ald providing at least directional guidance adequate for a straight-
in approach.

2.4,13.2 Precision Approach Ruway, Category I. An instrunent runway
served by ILS or GCA approach aids and visual aids intended for operation
down to 60 m (200 ft) decision height and down to an RVR of the order

of 800 m (2600 £t). '

2.4.13.3 Precision Approach Runway, Category II. An instrument runway
served by ILS and visual aids intended for operations down to 30 m (100
ft) decision height and down to an RVR of the order of 400 m (1200 ft).

2.4.13.4 Precision Approach Runway, Category III. An instrument runway
gerved by ILS (no decision height being appliceble) and: ‘ '

a.~=by visual alds intended for operations down to an RVR ef the
order of 200 m (700 ft); '

b.==by visual aids 1nteuded for operations dewn to an RVR of the

order of 50 m (150 ft),

¢.-=intended for operatione witheut relienee on external visunl

reference. h
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Note: The figures given in feet are approximate equivalents for meters
(rather than exact equivalents). They were chosen on the basis of their

operational significance in establishing runway visual range values.

2.5 MISCELLANEOUS TERMS

2.5.1 Arcata (California):-

This place name appears frequently in this report and in many other
reports concerning tests in fog. The name refers specifically to what
is now the Eureka - Arcata Airport. The airport is about seven miles north
of the town of Arcata on the shore of the Pacific. It 1s reputedly the
foggiest airport in the continental United States. During World War II it
was first an Army Air Corps Airfield, later a Naval Auxiliary Alr Station.
In 1945 the Navy selected this site for conducting thermal fog
dispersal experiments. During the period 1946-1950 the Landing Alds
Experiment Station - operated under Air Force, Navy, CAA sponsorship -
was located on the site. The Station was converted to a commercial
alrport in 1950 and has continued as a County Airport. In 1953 the National
Bureau of Standards established a Visual Landing Aids Laboratory at the
airport. This operation was terminated in 1972, However, a small
staff is now maintained at the airport by a commercial engineering firm
under FAA contract. In addition many organizations, both government and
private, have used the site for short periods to conduct experiments in
fog.

2.5.2 Ceilometer, Rotating Beam or Fixed Beam:-

An instrument system used for determining cloud height by solving
the triangle formed by a light source, the illuminated spot produced on
~ the cloud by the projector and a photoelectric receiver which detects
the angular elevation of the spot. See Section 8.2, The term ceilometer
‘1s often used without modification for either a fixed beam or a rotating .
beam cellometer. ' | B o ' '

-_ 2.5.3 Laser Ceilometer:-

Anrinatrument which determines cloud height by measuringrtho elapged .
time of a light pulse reflected off a cloud base. The receiver and laser -
gource are usually positioned next to each other. ' |
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2.6 INDEX OF TERMS

Term | L Paragraph

[
[ah]

Absorption coefficient
Allard's law
Apparent contrast
Approach lights
Approach 1ight contact height (ALCH)
- Approach zone
Arcata
. Average intensity
Brightness
Categories I, II, III
Ceilometer
‘Contact height
Contrast

o Contrast threshold

b Critical height (CH)

- Decision height (DH)
Extinction coefficient
Field factor
Fixed beam ceilometer
Flux
I1luminance
I1luminance threshold
ITlumination
Instrument runway
Intensity
Koschmieder's law
Laser ceilometer
Light
Luminance
Luminance contrast threshold

~Luminosity
Luminous flux
Luminous intensity
Meteorological optical range (MOR)
Meteorological range (MR)
Meteorological visibility
Normal 1lluminance
Operational categories
_Point brilliance
Precision approach runway
Prevailing visibility.
Radiant flux
Representative intensity
. .Rotating beam ceileometer (RBC)
. Runway
- Runway centerl1ne ltghts ,
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Runway edge 1ights

Runway end lights

Runway threshold

Runway visibility (RVV)
Runway visual range (RVR)
Scattering coefficient
Scattering coefficient meter
Slant visual range (SVR)
Subjective brightness
Threshold

Threshold illuminance
Threshold lights
Touchdown zone (TDZ)

" Touchdown zone lights

Transmission
Transmissivity
Transmissometer
Transmittance

Vertical contact height
Visibility

Visual range

Visual segment

Visual threshold
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3, CHRONOLOGICAL RESUFE

3.1 INTRODUCTION

The purpose of this section of the report is to review briefly
the history of the development and application of the runway visual
range concept. This secticn is essentially a flow chart given without
extensive detail. A detailed discussion of the pertinent parameters
is given later in the report.*

The distance at which one can see and recognize objects and lights
has been a very important factor in determining the saflety and regularity
of travel since ancient times, particularly in the operation of aircraft.
Reports of the prevalling visibility have been made by Weather Service
since the early days of cross-country flight. At that time, and even
today, these reports have been based upon the observations of human
observers. From the beginning, there has been a desire to replace these
subjective observations with quantitative measurements, and by 1940
several types of visibility meters had been designed.

3.2 DEVELOPMENT OF THE TRANSMISSOMETER
INITIAL PHASE

In 1940 the National Bureau of Standards was requested by the Civil
Aeronautics Administratvion to develop a visibility meter suitable for
routine use at airports. At that time the National Bureau of Standards
was completing its development of the prototype cellometer,¥¥

The first model of the transmissometer was7eonstructed, Then,.
as now, the transmissometer consisted of three units, an unmodulated -

- 1light source operating at a fixed intensity, a receiver with an outpuL'A.' ‘
~#n the form of pulses with the pulse frequency proportional to the =~ .

"7 illuminanoq_on the receiver, and an indicator consisting of a counting

rate meter. Figure 3.1 is an elementary block diagram of the 1941
- instrument., It was field tested on Nantucket Island, Massachusetts

24 gZoaoaﬁy-qf tézww,ie»givén-in Ch&pt&a &

*4Tho developnant of the oetilomotor ie devovibod in dotail in Chaptew 8.
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:‘}:eal brati@n of the indi@ator, L0, permit @pé?&ti@n of u rec@rd@r and to

T zone of runWay 31 of the Indianapolis Munidipal Airp@rt whéré it wag

during the summer of 1941.%%* Views of the field installation are shown
in figure 3.2. During these tests numerous observations were made corre-
lating the visual range of black objecte by day and of lights by night

with the transmissometer rendings,

-———

These observations confirmed the validity of Koschmieder's law
for objest visual range except that tlie value for the contrast applicable
to weather observers was found to be 0.055 instead of 0.02, the accepted
value at that time. The observations showed that at night the observer's
iliuminance threshold was increased by glow from the source being
observed so that the threshold increased as the visual range decreased.
An empirical relation between the visual range of lights by night and
transmissometer reading was developed.

The transmissometer caiibration curves for a 500-foot baseline
instrument developed from the Nantucket study are shown in figure 3.3.
The relations illustrated by these curves have been used since then in
the United States to convert transmissometer resdings to visibility and
~are the basis of tables Al - 8A, B, and ¢ of tﬁe present issue of
Federal Meteorologleal Handbook Ho. 1, Suriace Observations [36).
_ ' The Mantucket work also showed that spatial non-uniformity'in'
-atmospherie transmittance severely limited the applieability of a
. short baseline inetrument in the assessment of prevailing viﬁibility
- but that auch inetruments w@uld be useful in the determinatien of - , ' .-
1atmoapheria transmittanee in r@stricted areas. For e\ample. aﬁ appraach vf.;f : -ffv: § *
3 3 DEVELOPMENT UF THE TRANSMXSSGHETER 1941 - 1945

“1n th@ ?a;l of 1941, th@ instrumea' was mﬁdified t@ prﬁvid@ internal

. 'allaw uhe. indieater to be loeated at a distance @r ‘several th@ueund feot
.i]frcm the field site. The natrument was then Installed in the approach

1'[,uaed by the C.A.A, Bxperimental Station in their tests of appraach 1gghts.

,*;_The instrument remained at Indiﬁnayalis unitl it w&s ,urned @Ver to the
. Nawy ?w" otier work in 19&3

‘:"“ The ﬁvm f«) ww. af tho e *yc e gaome ko $o deaentbod i detal ,
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Figure 3.2 Transmissometer test bed on Nantucket Island, 1941,
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Progress during the war years was slow. During this period a
transmissometer was installed at the Naval Air Test Center, Patuxent
River and was used in conjunction with tests of airfield lighting equip-
ment. In addition, three transmissometers with baselines of 2267, 3280,
and 4000 feet were installed at Washington National Airport, the CAA
Experimental Station, and the Naval Air Test Center, Patuxent River
for correlation studies in visibilities in the 0.5 to 10 mile range.
Very little quantitative information was obtained from these studies.
The data indicated that changes in prevailing visibility were frequently
apparent from the transmissometer records before they were recorded by
the observers, and that spatial differences in fog density frequently
produced large differences between the visibility indicated by the trans-
missometer and the observer's estimates of prevailing visibility.

3.4 DEVELOPMENT AT THE LANDING AIDS EXPERIMENT STATION

During the period 1946-1950, the Landing Aids Experiment Station
(LAES) was operated at the Arcata, California, Airport, under the joint
sponsorship of the Air Force, Navy, and Civil Aeronautics Administration
to study methods of fog dilspersal and approach light system configurations.
For a detailed account of the meteorological instrumentation program see
references (83, 84, 85 and 86). All existing NBS-iype transmissometers (6)
were moved to LAES and, except for one, were used on 500-foot base-
lines along the instrument runway and in the approach zone to measure
fog density iIn specific areas during tests. The other transmissometer
~-wag installed on a 3000-foot baseline to provide a measure of the pre- =
~valling transmiassivity. The arrangement of instruments which evolved’ :
 during the tests is shown in figure 3.4. Figure 35148 a montage shcwing
the station and some of the equipment. The central. transmisscmetar
reccrding staticn is shown in rigure 3. 6. N

Althcugh 1ts primary purpose was to provide test ﬁata, thi&
agsembly of instruments provided a unique opportunity to atudy the .

"-,problems encountered in the operation and maintensiioe.of the ing trumant&.ﬁtf”::~'m

Throughout the period of operation of the station, Pefinemenis were mad0~u: 
to improve the pertormnnoe and maintain&bility of tha instrumant anﬂ.:‘ :
oporating and maintenanae tachniques were developed SR

s I
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Figure 3.5 The Landing Afds Experiment Station in 1948, Shown also are: A
cen?meter receiver, a transmissometer light source and a transmissometer
receiver.
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These instruments were provided with automatic sensitivity and
pulse-counting controls so that they could provide automatically, wi@h .
satisfactory accuracy, continuous records of transmittance ranging,
at night, from 0.00002 to 1.00.

In addition to the regular operation of transmissometers, a dual-
baseline transmissometer T-D2 of figure 3.4 was operated in the touchdown
zone during part of this period and transmissometer equipment was adopted
to automatically control the intensity of lighting systems, satisfactorily
controlling the intensity of the runway edge lights during the 1949 test
season., A pictorial block diagram of the automatic intensity control
system is shown in figure 3.7.

Some of these transmissometers were still in operation at Arcata
when the NBS Visibility lLaboratory was closed in 1972.

The array of instruments at the station was an excellent source of
data regarding the temporal and spatial variations in fog density. Large
random and systematic differences were found, confirming the data taken
at Nantucket and elsewhere. An example of the spatial and temporal
variations in fog density is shown in table 3.1. In this table the columns
headed T-A, etc., show the visibilities computed from transmittance measure-
ments of the indicated transmissometer. Locations of the transmisscmeters
and the observers are shown in figure 3.4. '

Although the purpose of the Installation of transmissometers at. LAES
was not to test their use as visibility meters at airports, during the
flight tests obserﬁars_reported the horizontal visual range of selected
objects or lighté periodically, and pilots reported their visual contact

“height and the visual segment of the approach and runway'(edge) lights
during an approach and touchdown. These data formed an extensive data
base correlating visual observations with trensmissometer measurements.

- 'The blockade of Berlin began in the summer of 1948 and the rehowned
airlift was started. The very high flight frequenay requiredrthat af ter
a missed approach an aireraft return to its base without making second
approach., Thigs procedure impoged high demands on the aceuracy of

“weather obgervations, and the existing routine proeédumos using visual
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TABLE 3.1

VISIBILITY CONDITIONS
LAES Flight Test No. 49-23

0954

Time Visibility in Feet
Quter
Approach Threshold
Observer T-A T-B T-C Observer T-D T-E
Visibility Visibility
North South North
0829 5000 3900 3600 3900 4500 6000 5600 3400
- 0838 6000 6500 3900 4600 5000 5000 11000 2500
0846 5000 8400 5900 4600 5500 4000 2100 1200
0856 3000 8400 3000 1300 2500 2000 1500 1200
0906 2500 2600 1800 1500 2300 1800 1400 2000
0916 2200 2100 2100 1800 3000 3500 5700 850
0926 2000 1800 1700 2000 2500 3200 3000 600
0934 2000 2100 2100 1300 1800 2000 960 710
0944 1500 1000 1200 760 1400 1000 520 630
0954 1500 850 1200 840 1500 1000 680 360
Time Visibility Relative to T-C
Outer
Approach Threshold
Observer I-A 1-B Observer  I-D T-E
visibility Visibility
North South  North
0829 - 1.3 1.0 1.0 1.2 1.5 1.4 0.9
0834 1.4 1.4 0.8 1.1 1.1 2.4 0.5
0846 1.1 1.8 1.3 1.2 0.9 0.5 0.3
0856 ) 2-3 605 ) 203 A 109 1.5 152 009
0906 107 ) 1-7 1.2 ’ 1.5 102 009 103
0916 . 7 102 102 . 1.2 1§7 1-9 3'2 0.5
- 0926 1.0 0.9 0.8 1.2 1.6 1.5 0.3
- 0944 2.0 1.3 1.6 . 1.8 - 1.3 0.7 0.8
1.8 1.0 1.4 1.8 1.2 0.8 0.4




observations were not adequate. Efforts to improve the situation were
. initiated immediately.

In November of 1948, Mr. G. H. Stocker, Meteorologist of LAES, suggested
to the Chief of the Air Weather Service that transmissometers located
in the touchdown and approach zones of the instrument runway be used in
conjunction with a ceilometer in the approach zone as a standard opera-
tional weather reporting procedure. The following reasons were cited [851;

"Observations at LAES, as well as at other airports, have indicated
that in weather conditions at or below ceilings of 200 feet and visibilities
of 1/2 mile, the irregularity and variability of the respective weather
elements requires continuous, automatic, objective meteorological measure-
ments that are actually representative of "pilot's weather" in the in-
strument approach zone.

"The meteorological instrumentation available at this time, with a
f'ew changes in placement and in operational methods, appears to be
readily adaptable as a basis for the aforesaid development. The funda-
mental requirements in any such instrumentation appear to be as follows:

"a. Airport weather observations should be made along the actual
approach (or take-off) path of the aireraft.

"b. Automatic, objective instrumentation should be utilized in
moking weather reports in order to eliminate inconsistencies resulting
from individual variations and errors among human observers.’

"e. Alrport station weather reports should be revised in form to ..
include the operational (or "pilot's") weather in the flight path of
aircraft at least in the "Remarks" section of the report.,

 "With rererenea to "weather" resulting from the pregenc .

.pf an extremely low ¢loud deckt, it would appear that dan
~installation consisting of one shertbusejceildmeter and two short-
A base‘transmiaéometers should be adequate ta'indicate and record.

-the effective operational "weather” nlong a normnl instrument

npproach gsone and runway. ‘ T

©_ "sQOther eonditions, ‘such a8 nround fog or- heuvy preaipitation,f
' rmay raquire addition oonsiderution."'

RERE

' anw vc,‘n




(The suggested configuration of meteorological instruments is shown
in figure 3.8).
"The instrument is intended to measure:

"The celling and meteorological visibility in the area where the
pilots of approaching aircraft first establish visual contact with
approach lights or the ground; and the meteorological visibility in the
touchdown zone along the runway.

"These are the two operationally critical areas in adverse weather
conditions, since iocal ceiling and visibility conditions in these areas
determine the amount of guldance available to the pilot from the ground
plane, the approach lights, the runway-marker lights, and surface
markings."

Although it had been tacitly assumed during their development that
transmissometers would eventually be so used, this was the first explicit
proposal for thelr use.

3.5 AIR FORCE APPLICATION OF THE TRANSMISSOMETER 1949-1953

The Alr Weather Service accepted the LAES recommendatien and requested
that the transmissometers be moved {rom LAES to Berlin in the spring of
1949, However, further consideration showed that the Alr Force was
not prepared to provide logistic support and maintenance. Human
observers were used instead.,

Study of the concept continued, and its adopticn as a standard

_ weather reporting procedure was acvepted by the Air Force in the

~early summer of 1949 although by that time the_airliftrhnd been
‘discontinued. A program to obtain commercially manufactured instruments .
and to train Alr Force personnel to maintain and operate the equipment

was initidted, and during the 1949 fog'season'two groups of Air Ferce - -
‘personnel were trained at LAES. However, 1t was not until the spring

of 1950 that- the procurement program was completed. At thnt‘ﬁime the
‘National Bureau of Standards was requested to provide the Alr Force

- ji'ith 2% instruments, spare. parts, and an instruction book.

~_ In June of 1950 a contmgt was awarded to the Crouse Hinds
CQQpany,rsyraense,'Ngw Ycrk. w ccnstrunt 25_traa¢mi§nometers with

EESLE
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spare parts. The first instruments were delivered in June of 1951;

tested at the National Bureau of Standards; minor modifications made;

and type approval obtained in August, 1951. Although the instruments
differed considerably in construction details (figures 3.9 and 3.1C),

the principles of mechanical and optical design, and of electronic circuitry
were the same as those of the earlier instruments [103). Concurrently,
kits for modifying ceilometers to permit remote indication and to

improve their response during periods of low visibility were being

procured through other channels.

One transmissometer and a modified ceilometer were then given
operational suitability tests at Eglin Air Force Base [2]. The primary

conclusions of these tests were:

a. "Transmissometer-ceilometler equipment is operationally
suitable for measuring cloud height (ceiling) and visibility
in the approach and touchdown zones of instrument runways
under temperate and extreme climatic conditions."

b. "The inclusion of two transmissometers in the system

is necessary because of visibility variations between
approach and touchdown zones."

¢. "There is no appreciable difference in visibility
observations made at the runway edge and as far as 400

feet from the runway edge."

Conversion from the transmissometer transmittance measurements to
visibilities was done by means of the equations and threshold constants
developed at Nantucket and verified by subsequent testings. In
addition to conversion tables relating transmittance and day and night
visibility, converters were supplied to be attached to the recorders,
50 that the charts could be read through them, and for d:sk use. A

drawing of the desk converter is shown in (igure 3.11.

Following these tests, the Air Force proceeded with the fngtallation
of modified ceilometers and the transmissometers procured by contract with

the National Bureau of Standards. In designing these installations for



0L-DWO/NY 32s Jdj3wossjuwsued]  6°€ dunbi

~
T
o
' 0I-OW9/¢Se -1
Y31 3WOSSINSNYYHL ‘HOL1VDION!
R Tt
OI-DW9/965-I [~ -
IYNIWYIL 3778VD YIBWVHD .az__zmwh o%wowm@mmquo
£ . P
Qe
O1-OW9/806-dd
OI—0OW9/ 608-WV
>Jan5m.‘mu>5a AlddNS H3MOd-H3INdNY
R 2 W i
\
OI-OW9/19v-"IN OI-OWO/ LS -H .

H31INOSSINGNYHL "HOL1D3r0ud Y31 IWOSSIWSNVYL "HIAIZIY




» ) ’ . . . o - < g e 77 bg'e BT, sfaiy, 8
L Lot N . Pr o oy " » 8 TV " “'I‘(, -;_'(',‘ e Lk
SR . H " f‘.:”'.;" ‘%‘M!‘.\ Y - .‘""*.'_‘.\_ t _““3‘.-9 N \‘:.\.’7’; );tlr,’"a%n
7 & h . Rt TR

.\

oy
Za
48
<zt @ x
z o
X zto
QNQ_ x>
G wa wo
— a2 rx +
Tl Lo 5 c
G £ g
R S
x - <
- o N ‘2
. Ny e .
: IRE— <
(8]
U
Y
[1]
=
[}
L
Q
[V2]
'
o -
S w o
- O —
g & |
©8 o
M gu 5
w - &
o =
L
? O =
. (r +
O A
("2l
ey = o
@
Pu)
[V}
e
‘J o
v
'l %]
=
E
- :
\ __,.—vyr'—""';j "
r*‘;r.,v«-—"" S R
R anaiNetr o [
T T e
Pt o
.—L,. E‘f_ ’_“"_4::‘;,-/-'"‘ - -1..-1 S
o [
L S P
d’\:-_.————-L’\:,,m-... ox [+}]
« (o fw [
ol 168 0 3¢ 5
2 z & Jw o
ot 82 ix e
3 ¢% © Fro
B3
1 @
)
—
RS \L

\\“%\‘

[P e St BRI Y
N ., . e

RS



(1661) S43p40234 JaeYD
404 3|©IS UOLSUBAUOD A3L[1qQLsLA - dduejjlusued] L(°¢ aunbiy

3N 35V L4 00§

oo os or os oz & 9 it 2l o 6 LHOIN

4 T
L 9 < 4 £ AvQ
1334 340 SOINANNH NI

RSN A aa n s e e e S B R SR -
0608 OL 09 05 Ov os oz o8 9 2

'S€ 2 &l % % & % %1 1LHOIN
T TN _ P i | I 1 | i 1 1HD
(A RS EE| T T T 7 I |

$2 1% % % ] & k) AvQ

S3TIN ILNLVIS NI

JONVY VNSIA

3-19



16 of the bases, the Air Force followed the recommendations of the Weather
‘Bureau (see section 3.7.2) and only one transmissometer was installed at
"each airport, near the touchdown zone. However, at two of the bases, the
~ recommendations of LAES and Eglin AFB were followed and an additional trans-
. missometer was planned for the approach zone [7}. By the spring of 1954,
transmissometer 1nstallations had been made or were scheduled for the
following bases: S

Andrews AFB, Maryland - : McGuire AFB, New Jersey
: 5Brookley AFB, Alabama - Mitchel AFB, New York
~ Dover AFB, Delaware ~ Otis AFB, Massachusetts
-Dow AFB, Maine ~ Selfridge AFB, Michigan
Ernest Harmon AFB, Newfoundland Shaw AFB, South Carolina
Fairchild AFB, Washingtorn ' Westover AFB, Massachusetts (Two Sets)
Langley AFB, Virginia Wright-Patterson AFB, Ohio
March AFB, California Sewart AFB, Tennessee or
McChord AFB, Washington ' Moody AFB, Georgia (Alternate Site)

-MoClellan AFB, califernia {Two Sets)

In August of 1954, the National Bureau of Standards eonducted a two-
‘week training course for Air Force cperations and maintenance personnel. e
By the end of 1954, the Navy had ordered 10 transmissometers.
3 6 APPLICATION QF TRANSMISSOHETERS TO '
RES . CIVIL USE, INITIAL PHASE o
3.6, 1 Initial Appiications:- R |
" The application of traﬁamxbaemeters to operational use in eivil aviasion
' I”f_: was, with two exceptians, more deliberate -than-in military aviation. -

. One of the excoptiona wag the authorization 1n 1949 of the uge a? _
“minima of 1/4-mile visibility and 100-foot cefling by Southwest Airways = °
~**'at Arcata provided transmissometers and agellometer, . tnstalleﬂ. ‘a8 shown
: _:A:in figure 3.4, were in operﬁtion and’ the preseribed electraniu and~ visuul
u'-:aids were available. Operations at these minima were terminated with
' fthe closing of LAES and ‘the removal of the transmisaometera and eailometer
S dn ‘the summer of 1950, Transmisaometer were rainstnllnd 1n 1951. but
L routine cporatiana at the low minimu wore ot raestabliuhod.

»20




.The other exception was the use of transmissometers in conjunction
with the fog dispersal (FIDO) system at Los Angeles Municipal Airport. Five
transmissometers were purchased by the City of Los Angeles for this purpose,
from the Crouse-Hinds Company. us.ug a specification prepared by the National
Bureau of Standards. This specification predated the specification used
for the Air Force procurement. These transmissometers were installed
along the runway on which the fog dispersal system was installed and used

to measure the fog clearance produced.
3.6.2 Initial Studies by the Weather Bureau:-

The systematic study of the feasibility of civil use of the visibility-
meter system proposed by Mr. Stocker as a replacement for the conven-
tional visibility observations scarted with a Symposium called by the
Weather Bureau on May 5 and 6, 1949. Because of its significance, the
operational requirements for low vielbility and ceiling measurements
developed for the meo ting are given below.

"1, To measure the visibllity and base of low clouds in the
approach zone between the inner* marker and one-half to three-fourths
the distance down the ILS runway. This distance may vary from two to
six miles depending upon airport si e, surrounding topography, and
" obstructions. '
2, Vieibility measurements butween zero and 1 mile along a straight
- line. o ' ‘ '
3. Base of low cloud measurement between zero and 500 to 1000
feet above the runway. ' ' '

_ 4. These observation will be relayod to the pilot on his final
approach.
S. It iy neoesaar; that the observationa be on a ccnhinulng
| basis and transmd tted automatically via ground wire or miero-wave {or
- - & distance 0? one to six’ milea (to the Control Tower or other pointg -
of econtrol). R S

*The euter_mnrkar way meant.

Y




6. The values of base of low cloud and visibility should be
recorded on a single dial indicator calibrated to indicate combinations
of the two elements. These combinations will be determined from
operational requirements and necessarily tempered by the limitations
of equipment ~=--- ",

The meeting agenda is given 1n Appendix A, Some believed that there
was a need for more data on the spatial variations of visibility and
ceilings than that which had been obtained at the Landing Aids Experi-
ment Station. Therefore, during the last half of 1949 the Weather
Bureau, with the cooperation of the Civil Aeronautics Board, the Civil
Aviation Administration, and the Air Transport Association, conducted
a study at Washington National Airport of the differences in meteorological
visibility reported by an observer from the Weather Observatory on the
terminal building and visibility along runway 36 reported by an observer
near the threshoid. T two observation points were about 3000 feet
apart. The observer at the terminal was apbout 70 feet above the ground,
the observe. 2! the runway site 10 feet above the ground. Ceiling
measurements were made gsing a dual-projector ceilometer at the terminal
and balloons or a ceiling projector at the runway site. The study
confirmed the general opinion that the differences in visibility and
celling were rather large and highly significant. Although the
average celling was approximately the same for the two locatlons and
‘the average visibility was slightly lower at the runway site that at
the terminal, there were a number of instances when there were important .
' differences. For example, although 27% of the visibility observations were -~ .
identiocnl, 15% of the runway visibility observations were 1/4 mile 1ower L
than the mirador observations and 10% were 1/4 mile higher. '

Late {n 1949 the organizations concerned determined that it was
-not economically feasible to solve the problem of spatial variations in
visidility by placing an observer at the end of the runway during poriod&
‘ of low visibility and that instruments would be nesessary. B

- 3.6.3 Transmissometer - Ceﬂometer Program at washington National
' ~Airport

During the period of the vicibility oorrelation tests at Washington
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National Airport, plans were developed for the installation of a
transmissometer and a ceilometer there. The ceilometer was to be in-
stalled at the middle marker and a location near the glide path

shelter was selected for the transmissometer, The indicators for the
equipment were to be located in the Weather Bureau Marador Office. In
thelr review of these plans some representatives of the Civil Aero~
nautics Administration and the Weather Bureau felt that the trans-
missometer should be located as close as practicable to the ceilometer.
Others favored the touchdown zone site. The group was unable to reach
agreement as to the most desirable location and plans were made to
install a second transmissometer near the middle marker if one could be
obtained, The equipment was procured and installed as shown in figure
3.12 in 1951. Note that the transmissometers used had 750 foot baselines.
A second test site was established to test the rotating-beam and pulsed-
light ceilometers at the Weather Bureau's Silver Hill Observatory.

In the fall of 1951 the Air Navigation Development Board (ANDB)
agreed to sponsor a Weather Bureau project for "research and develcpment
work in methods of determining ceiling and visibility which affect the
operation and control of aireraft during final approach and landing,
partieularly under low-ceiling, low-visibility conditions".

3.7 ANDB TESTS AT uASHINGTON NATIONAL AIPORT 1951-1953

Under ANDB sponsorahip the Weather Bureau then established a
project at Washington National Airport to study the meteorologisul usp@cta
" of the problem. At the same time a contrast was let with the 8 Sperry
ijrosccpe Company, with the Weather Buearu as a monitor, to conduct a
© brogram. of rlight-landing oparutiona under’ lew oeil n5~low'vieibility
A condition o :
_ The work was given added impetus by Congressicnal hearinga held in
- February and March of 1952 on aviation afoty (411,

3.7.1. Application of Television: -

At these hearings Llere was uensiderablo diaeudsion of the feaeibility
of uaing televi 1en,$echnique3 to secure data to fulfill the operational
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need for better information at airports on visibility and ceiling
conditions near the flight path, and an exploratory study was conducted
as a part of the project at Washington National Airport. The camera
was located at the approach end of the instrument runway (runway 36).
The video signal was transmitted by microwave to the observatory in the
terminal building where the receiver was located. During the tests all
equipment was continuously monitored and adjusted by skilled operators
for the "best picture". The experiment was designed so that comparisons
could be made between the visibility determined by an observer in the
observatory viewing the picture and an observer near the camera at

the end of the runway viewing the scene directly. The results of the
tests were negative. Although daytime visibility, using objects, could
be determined "fairly well", the rendition of light sources near the
limit of visibility wes not representative of the visual scene. There
were many engineering problems to be solved before the system was
capable of continuous automatic operation {126). At this point the
study of the use of television systems was dropped.

3.7,2- Application ’of the Transmissomgt’er-(;eilometer System:-

, Of more importance than the tests of the application of television
were the detailed atudies made of the appiication of the transmissometer
“and cellometer. A study was made of the relation between observed
- (mnteorological) visibility and transmissometer data. From this study - »
-1y wae uoneluded that "the ‘readings of the transmisgemeter. ag calibrated
".-by Douglas, . show reasonably goed agreement with (meteorelogical) visi-:,
_ "bilities reported by a nearby -observer. There appears to be 1itnle
; .‘d¢1ference between performarice by day- and night" (18¢). The data
V obtained during Btable and uniform low visibility conditions were
analyzed to determiné the QOnLrasY and illuminance thresholds of the R
;': persons making the visual observations. Bcth thresholds were in auffici@ntly ff'ffﬂ”
"”-j-good agrasmant. with the transmissomoter calibration thresholds that, ehangee -
- in the srunsmissometer valibration were not warrant&d In addition it
. "was found that operational measuretient of the nighttim& background
S - luninance and consequent adjustmont of illuminance thweshold was = - 7 _
 ~not'necgsaary,'fNo'tvilight calibration was doveloped. See Seotlon 4.4 o
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for a more complete treatment of thresholds.

A study was made of the helght of cloud base measurements using
the rotating beam ceilometer. In this study it was found that an average
of four measurements was required to yield an indication of the ceiling
an approaching pilot would encounter. It was found that cloud bases
were ragged and that cloud height used as an approach forecast must be
considered as a zone, not a plane surface, and that the thickness of this
zone may often be of the order of several hundred feet.

Tests of a French pulsed-light cloud height meter indicated that
the instrument was not satisfactory because the pulse lengtih made
measurements of cloud height below 500 feet unsatisfactory.

The general conclusion of the study was that the transmissometer and
rotating beam ceilometer were suitable for routine operational use.
Operational use of the instruments was started Lecember 15, 1952, using
ceiling indications from the rotating beam ceilometer at the middle
marker and visibility indications f'rom the touchdown zone transmisscmeter
for regulatory or control purposes whenever the touchdown zone
visibility was 1} miles or less. When the visibility indication of the
-middle~-marker transmissometer was lower, the visibility indicated by this ..
instrument was reported also. Experience soon demonstrated that changes v:

- in visibility occurred so rapidly that thoy could not be handled
| premptly by the regular weather observer and a diréct indieation was-_i
_ ,iéquired in the coﬁtrel'tower. Accordingly a five-ihoh. 250° seale - ,
- meter, calibrated as shown in figure 3. 13, was installed in the tower for ©
uge by the air traffie controller. Nate_that,a vigibilivy Of l..miias, o
' which i{s about 10 times the length of the baseliné, i the maximun
- visibility indicatad on the geale, making the Pull aso' scale availabiﬁ
for the operﬁtiannlly useful viaibilitiea. -

’“ifn_ The day s@ul@ was used during ivilight pericds until the bu@ksround
T luminance was 8¢ low that lights wers eléarly vizible. When the vis;bilitj
1‘?,.waa varying ?ﬁﬂidlj. the moan value and ‘the extremes wero reportad.v '

, During these teuts it was eoncluded thnt th@ nddit.onal trangmissamet@r ;‘
: inatnlled near e middle murker uas 0oL cost e?fcctive &nd it was

T ““%tr .w...‘,., AT




Figure 3. 13 Runway visibthv {RVV)" scale used in .
: ﬁrly instanation, for 750-foot base-»




removed in September of 1953 for installation at Idlewild. (No documen-
tation concerning the decision to terminate the use of the middle marker
transmissometer has been located.)

The criterion used to judge the suitability of instrument program
was approach success. Records of missed approaches at Washington National .
Airport during inclement weather were examined to determine if the
operational use of the transmissometers and ceilometer had produced an
improvement. Only approaches during periods where the visibility was
less than one mile or the ceiling was below 500 feet were used in the
analysis. Results of this analysis are shown in table 3.2.

Table 3.2

MISSED APPROACHES AT
WASHINGTON NATIONAL AIRPORT ([126]

Ceiling Less then 500 ft. and/or
Vigibility less then 1 mile

# of Approaches

b
y
. o]
Periods of Operation . 2 § Approaches
7 Missed
Jan. 1, 1952-Dee. 15, 1952 (before 983 . 63 - 6.3%.
- . uge of runway. observations) - . - s |
" Dea. 16, 1952-Mar. L 1954 (afte_xf A _333-_' B .;_ 438

From this analysis it was concluded that the data- indicated that the

‘_ ' _*low-weat.her instrumnt-appmach success had been improved; the 1ni‘erence
- being that runway observatiuns are more nearly representative of '

o '-conditiona experienced-by the pilot 1n landing. Although some or-all o
of the mprovement mlght have been due to 0!.&1@1* causes, the rwults were R

:f.'_eneoumging.. e :
f3 8 ANDB T‘“ STS AT NldRTWR FIELD (1953) AND AT IDLEH!LD (1954)

Bxcept. for the analysis of missed apprcach dut.a, t.he Washingtcm

*Nationnl Atrport Studies were limited to observations from near ground o
~ level. The study at MacArthur Fleld, ccnduc.t.ed by the Sperty (m‘oscope o
- Company and monitored by the Weather Buremu, was designed to complete the =

‘w“ﬁ’lt""’w'v'w




program. The objective of this study was to evaluate the transmissometer-
cellometer system in relation to the operational requirements of the
instrument approach by correlating the measurements obtained from the
instruments with what the pilot saw simultuneously from the cockpit

during ILS approaches.

A commercially produced transmisscmeter was installed near the
touchdown zone mounted at a height of 15 feet on siands of recommended
design. See figure 3.14. Two cellometers were installed, one at the
middle marker site and the other in the approach zone near the threshold.
A terrain illuminometer, thirteen visibility targets and lights for
obtaining meteorological visibility, and 28 "pup tents" (see Section 3.10.2)
were installed as visibility targets to obtain supplementary data. The
installation in the aircraft cornsisted of two photometers, a motion
picture camera aimed to photograph the pilots view, = mapping camera
directed downward to photograph the terrsin, a NASA type cloud detector,
and a photo-panel to document airceraft instrument readings.

The pilot or copilot reported a) vertleal contact, b) approsch
light contact, and ¢) threshold eontact. The approach light was the
- earliest syetem consisting of 14 neon bars each having un Intens itJ of
about 1000 candelas. |

Because the approach lights ot MacArthur Fleld were low-intensity
lights and the Sperry pllots were very familiar with tﬁe fleld and
Ssurréunding terrain, the r'lighte st MecArthur Fleld were ‘supplemented

- by flights at Idleu;ld. wh@re a high~int@nsi'v approach-iight gystem . o
e was inetalled., A t@&sl @F 468 instrwvx& qpproaches, 409 a,u&@krﬂzu
"'wiand 59 Idlewild, were. made in lew ceiling andiar';@w t;gibil;&a eon-

tditiong. ‘ - : S : '

;h@ results of tbe té"t@ are éumﬁﬁfléﬁﬁ ln yable 3 3 liééj._
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Conclusions drawn by the Weather Bureau were, in part, that the
transmissometer-ceilometer combination provided a scund .method for™
remotely measuring weather in the approach zone, but thatvoptimum'
interpretation of the data required supplementary photometric ﬁ&a§uré»'ﬁ

ments.

The single recommendation made in the report on the project was that -
a program of fielc tests at regular airline terminals with airline aircrafi
and airline pilots should be implemented to evaluate a method of~rep§r§ing
~ which 1ncorporates photometric measurements in addltlon to- the usual |

meteorologlcal parameters.

The basic data obtained in the project provided important informa-
-tion regarding the manner in which conventional ceiling and visibility
observations compare wilh pilot experience during an approach. The
- following general conclusions were drawn from a study of the data from the
standard station and the in~-flight data:

1. Ceiling 1s usually a conservative esiimate of vertical
contact height. In 89% of the cases vertical contact

height was greaﬁer than reported ceiling. Vertical con-

tact height .averaged 105 feet higher than reported ceiling.

<. When low clouds are present, reperted visibility is usually-
greater than the contact range of' the runway threshold. In

91% of the cases this condition prevailed. The average
difference was 2,100 feet (approximately 0.4 mile) for the day cases
and 5,400 feet (approximately one mile) for the night cases.

3. When radiation fdg is present, *the contact range of the,
runway threshold and reported visibility. agree falrly well

on the average, Threshold contact range averaged 1,500

feet (about 1/4 mile) less than reported visibiliﬁy

In daytime and 700 feet (about 1/8 mile) greater than

reported visibility at night. Although the average

differencec were not great, the extreme differences,

both day and night; were about four times the average.
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The comparisons showed that there was-ample justification for
the rather common bellef that meteorological observations, as routinely
made at present, do not accurately indicate conditlons the pilot will
experience if, as is frequently done, ceiling is interpreted as vertical
contact height and visibility is interpreted as-contact range of the

runway threshold, or other slant visibility.

When the end-of-runway station data were compared with the in-flight
data, the overall nature of the comparison was not greatly changed, although

there were, of course, variations in the details.

The results of the MacArthur Field teste and those at Washington
National Airport were sufficiently convincing that by April 1, 1954
transmissometer systems were in, or near, operational use at Idlewild,
Newark, and Washinglon and scheduled for installation at the following

alrports:
La Guardia, N.Y. Seattle-Tacoma, Wash.
boston, Mass. B Portland, Oregon
Philadelphia, Pa, San Francisco, Callf,
- Pittsburgh, Pa. ~ Los Angeles, Calif,
Cleﬁeland, Ohio Fort Worth, Tex.
Chicago, Ili. " Anchorage, Alaska

Detroit, Willow Run, Mich,
Kansas City, Mo.

3.9 DEVELOPMENT OF THE RVR SYSTEM
3.9.1 Inauguration of Runway Visual Range Readout:-

Even as the runway visibility systems were being placed into operational
use, plans were being made to convert to a system which Indicated runway
visual range instead of meteorological visibillity. The request for
further development was motivated by seversl fuctors: a) Luropean
practice in reporting RVR, b) a desire to report visibility conditions
in units which were more representutive of what the pilot saw during
an approach and landing, and ¢) the desire tc¢ take intu account the
increased visual range ootulned with high intensity approuch and runway
edge lights and to obtain authority to land in more dense fogs without
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lowering the visi»ility minimums. (The relative importance of these

factors is uncertain.)

By mid-1955 plans had been made for an RVR installation at Newark,
and the values of the parameters to be used in converting transmissometer
readings to RVR had been fixed.

An intensity of 10,000 candelas was chosen as being representative of
the in-service intensity of a high-intensity runway-edge light in the
directions from which it would be viewed during a flare and landing.

This intensity was later chosen by the Visual Aid Panel in their amendment
of the definition of RVR. See Section 3,11.2. The method of '
determining the intensity to be used in assessing RVR was later adopted
by the International Civil Aviation Organization. See Section 3.11.3.
No consideration was given to the changes in intensity which result
from dimming ihe lighting systems in conditions of less dense fogs.

No special tests were made to determine the night and day illuminance
thresholds to be used in the conversion to RVR., Laboratory data were not
applicable. The spread of the illuminance threshold values obtained
from £light test data in fog, for example. the Landing Aids Experiment.
Station data, was so large - several orders of magnitude - because of
the efflects of non-uniformities in the fog density and reporting errors,
that use of the mean or the median threshold values would have been of
doubtful validity. Hence, the thresholds were based upon engineering
Judgements considering past experience and practices,

A value cf 2 mile candles was chosen for the nighttime illuminance
threshold. In the early days of aviation, an illuminance threshold of
0.5 mile candle was used (117). In the 1940's, an illwninance threshold
of 1 mile candle was used by some engineers both in the United States
and in Great Britain. The increase was made in consideration of the
increased losses in sloped, multi-element, "bird proof" windsoreens,
the inoreased number of lighted instruments in the cockpit, and the
increased complexity of flying. A further increase was made to 2 mile |
candles for use in the RVR conversion to obtain a value which was con-
servative in nature.
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It is interesting to note that in 1955 the Aviation Committee
of the International Commission on Illumination (CIE) was considering
the nighttime values of illuminance threshold applicable to aviation
{72}, This choice was completely independent of the work in the U. S. on
i1luminance thresholds applicable to RVR. The CIE recommended a value
of one microlux (2.6 mile candles) for the nighttime illuminance threshold.

It should be noted that neither the value of illuminance threshold
chosen, 2 mile candles, nor the CIE value, was intended to
be applied to the high luminance conditions which now exist over
a runway with high intensity edge, touchdown zone, and center-
line lights, operating at full intensity as has been implied Dy
some recent ICAO documents {581. An analysis of thres-
holds applicable to RVR i8 given in Section 4.4.8. |

A value of 1000 mile candles was chosen for the daytime threshold in
a manner similar to that used in choosing the nighttime threshold. The
1955 meeting of the CIE .recommended a value of 300 microlux (780 mile
candles) for dull overcast conditions and 1000 microlux (2600 mile
candles) for bright sunlight conditions.

The relative agreement between these two independent
evaluations of illuminance thresholds ig gratifying.

An RVR scale, shown in figure 3,15, was prepared as a replacement for
the RVV of figure 3.13 scale used at prior lunstallations. Note that the
scale 1s graduated in feet instead of fractions of a mile. This scale
was based upon an intensity of 10,000 candelus, and the two thresholds,

2 and 1000 mile candles, discussed above. No consideratlion was given to
the effects of dimming the lights or to the visual range of objects.

An 810-foot baseline was used at Newark because the locution of
taxiways prevented the use of a 750 foot baseline.

3.9.2 Reconsideration of Thresholds:-

The landing minimum was set at an RVil of 2000 feet with no statement
of minimum ceiling. Experience with the RVR and the lighting system
was so faverable that, in early 1957, the operators requested that
a study be made of the feasibility of modifying the transmlssometer
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Figure 3.15 RVR meter scale used in control tower at Newark,
) 1955, This calibration is bgsed upon 10,000
candela 1ights only. ,
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RVR calibration stating that the calibration was too conservative.
A small working group considered the problems and reviewed the factors
considered in the choice of intensity and values of threshold illuminance.

The group concluded that the value of 10,000 candelas was'repre—
, sentative of the intensity of the beam of the runway edge light in the
direction of the pilot.

The group toock into account the following factors in their dis-
cussion of illumination thresholds.

1) Thresholds obtained during the MacArthur Field tests.
2) Threshold obtained at Newark Airport, based on the
sighting of the green threshold lights.

5 § 3) Internationally recommended values.

‘; B 54 4) Reports that many pilots felt the present calibration to be too
?- E% conservative.

3 i The group found that for daytime thresholds:

§ _ 1) The illuminance threshold for daylight of 1000 mile candles
% g" was more conservative than the 95% probability value observed --
‘ at MacArthur Field.

| ? : 2) It was very close to the 75% probability value observed at

Ef_ lf’ Newark. (Higher illuminance thresholds at Newark were ex-

3 %‘ pected because of the effect of the high intensity approach
é % _ lights, which were not present at MacArthur Field.)

%ﬁ ;% 3) The 75% probability value had been suggested by pilots

f? 4 as an appropriate one.
] %‘ 4) The International Illumination Commission, meeting
4 . in Zurich in June 1955, recommended a value of approxi-
fi 3 mately 780 mile candlee¢ for the illuminance threshold
3 ' for a dull day.

The group found that for nighttime operations:

1) The night illuminance threshold of 2 mile candles corresponded

to about the 40% probability level for MacArthur Fleld thresholds
. and to about the 20% probability level for thresholds at Newark

-L based on sighting cf the green threshold lights.
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2) This indicated that the night illuminance threshold was
somewhat optimistic. However, the group was reluctant to
accept that concept in view of pilot reports to the contrary.

3) In support of the present value was the value of approximately
2.6 mile candles recommended by the International Illumination
Commission for nighttime use. The 2.5 mile candle value was
somewhat more congervative than the U.S. value of 2 mile
candles, but the resulting difference in calibration was of
no practical significance.

The group concluded that the evidence avallable was somewhat
contradictory in nature and did not warrant a change in the present
calibration of the transmissometer.

At this meeting it was suggested, informally, that, if the primary
motive in suggesting a change in the RVR calibration was to permit
landings in more dense fog, this should be accomplished directly by
lowering the RVR minimum, OSubsequently the RVR minimum was lowered to
2000 feet for airports having a "Configuration A" approach light system
with sequenced flashing lights, and a high intensity runway edge light
gystem with lights spaced at 100-foot intervals. (At that time
Newark was the only airport meeting these requirements.)

3.9.3 Early Operational Use:-

By 1958 RVR systems with a meter readout were in operational use
at Washington Nationa), Idlewild and Buston in addition to Newark,

3.9.4 Approach Visibility Project at Newark:-

The approach visibility studies conducted at Newark durirng the period
1956 to 1958 by the Weather Bureau (34] and the Alr Force ([40) and at
NAFEC during the period 1959 to 1962 [89] except as they relate to
illuminance thresgolds, are.considered beyond the scope of this report and
are not summarized.

3.9.5 Development and Application of the RVR "Computer":-

Even before the first RVR system with a meter readout was placed
into service, plans were being made for the replacement of the meter
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readout with a digital display. The original request for proposal

indicated that the same parameters were to be used for the digital display as
were used for the meter calibration. The display was to be updated every
thirty seconds, but there was not a requirement for averaging the
transmittance over a period of time. The reporting increment was

to be 100 feet from 2000 to 6000 feet.

These plans were considered by a working group comprised of repre-
sentatives of the Civil Aviation Administration, the Weather Bureau, the
Air Force, the airline operators, the airline pilots, and the National
Bureau of Standards. The following design features were recommended by
the group.

1) The nighttime and daytime thresholds then in-use should nct
be changed. After gonsiderable thought, adjustment of the
'daytimé threshold for changes in background luminance and
for twilight was rejected as not being cost beneficial,

2) An intensity of 10,000 candelas should be used as representa-
“tive of the runway edge lights operated at full intensity but
2000 and 400 candelas should be used when the lights were

_operated at intensity steps 4 and 3 respectively. The appli-
cable Intensity should be determined automatically by the
position of the intensity setting switch in the control tower.

3) The use of 100 foot increments was not practical because of
the great varlability of fog density with time, ‘Studies of
the temporal variation of RVR computed frcm NBS transmissometer
records indicated that a 200 f'oot increment was sultable for
RVR's below 4000 feet and 500 foot intervals were sultable for
greates RVR's,

4) An averaging period of 45 to 60 seconds should be used, The
averaging periods used at the Landing Alds Experiment Station-
and in the MacArthur Field tests of 4 and 3 minutes were
considered too long to permit adequate representation of
sudden ohanges 1In RVR, and periods less than 4% seconds were
considered too short to permit adequate representation of RVR
obtained by measurements of transmittance over a relatively
short baseline. '
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5) The minimum RVR to be displayed should be considerably lower
than 2000 feet., To accomplish this the length of the trans-
missometer baseline should be reduced from 750 to 500 feet.

6) Since in daylight, the meteorological range exceeded the RVR
at high transmittances and the minimum visibility requirement for
the jet aircraft then being introduced was in this transmittance
region (4000 feet RVR or 3/4 mile meteorological visibility), '
the indicated RVR should be based upon the visual range of
black objects whenever it exceeded the RVR. Otherwise the
fog would be less dense under minimum conditions at RVR
equipped airports than at airports using RVR or weather station
observations,

7) The contrast threshold to be used in the computation of the
visual range of black objects should be 0.055, the same as
used for the RVV calibrations.

These criteria were accepted and procurement of computers was initiated.
The "computers" designed to these requirements were essentially
memory banke of six sets of tables based upon the two thresholds and
the three light intensities, with selecticn of the proper value of the
appropriate table to be displayed controlled by the number of pulses
generated by the transmissometer in a period of 55 seconds, an illuminance 7
meter to select day or night scales and the position of the runway-
‘edge light inteneity-control switch. A graphical representation of the
six scales used in the calibration of the computer is presented in
- figure 3.16. As many as five RVR readouts could be used with the computer.

3.9.6 Further Application:-
In mid-1962, RVR systems were in use at the following locations:

Computer Commissioned

1. Baltimore, Md, 6. Newark, N.J.

2. Dallas, Texas _ 7. Philadelphia, Pa.
3. Los Angeles, Calif, , 8. Pittsburgh, Pa,

4., Montgomery, Ala, 9. Portland, Ore,

5. New York (ldlewild), N.Y. .10, Washington, D.C.
- Runway 4R . 7
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Meter Commissioned

1. Anchorage, Alaska 15, Louisville, Ky.

2. Atlanta, Ga. 16. Memphis, Tenn.

3. Birmmingham, Ala. 17. Milwaukee, Wisc.

4, Boston, Mass, 18. Minneapolis, Minn.

5. Charleston, S.C. 19. Oakiand, Calif,

6. Chicago (O'Hare), Ill. 20. New York (Idlewild), N.Y.
' Runway 31L

7. Cleveland, Obic 21. St. Louis, Mo.

8. Columbus, Ohio 22. Salt Lake City, Utah

9. Denver, Colo, 23. San Francisco, Calif,

10, Detroit (Met.), Mich 24. Seattle-Tacoma, Wash.

11, Detroit (Willow Run), Mich. 25, Spokane, Wash.,

12, Fort Worth, Texas - 26, Tampa, Fla.

13. Houston, Texas _ 27, Tulsa, QOkla..
14. Indianapolis, Ind. . '

_ At that time 4 eomput.ers were beir.g installed emd an additional . |
156 were on order. : : : _

7 As instrument - landing systems ’ high-intensity nppraash—light.
o syst.ems with. sequenced-flaahing lights, and high-intensity runway-

- edge lights were installed, there was aun inereasing demand for RVR systems o

with a goal of ixwtalling an R\m s.ystem on every full 1n9trumem.ed run- o |

_ The years following these developmem.ﬁ have been évolutionary with
»- no significant élxmes m operational principles. The RVR minimums were
- lowered as confidenae in the RVR system 1ncreabed wim experience and
as improvenents were made in the eloct.ronix. uids and lighting systems.
~ ‘The transmissome‘er baseline was shortened to 250 feet on rrm\'ways. intended
for Cutegory ITl service to permit measurementd of RVR down to 600 feet -
(123, '26] . The coﬁputer was redesigned to provide for dis lpluyixm RVR

- 43 low as 600 feet and modernized by using modern solid-state teehniques.

At some airports, the c.omput.em were replaoed with MDSV (uutommic C
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meteorological observation station, Mark V) which could free four
computers. As the RVR minimum was reduced, better information of -
visibility conditions along the runway beyond the touchdown zone became
necessary, and transmissometers were installed at the midpoint of some

. runways [113a). Calibrators designed to replace the visual estimates used
in adjusting the full scalé (perfectly clear weather) reading of the
transmissometer were developed and are now coming into service (29, 75].

However, the basic transmissometer, the contrast and illuminance
thresholds, the illuminance level for transition from day to night scales,
and the reporting increments have not been changed since the first use
of the RVR system, nearly 20 years ago. ’

3.10 THE DEVELOPMENT AND APPLICATION OF THE RVR
' CONCEPT QUTSIDE THE UNITED STATES

3.10.1 European Practice:-

: 2 _ . In Europe, the-development énd application of the runway visual

1 2 "= range concept was quite different from that-iﬁ-the United States, in - .

i ' o - that the assessment of RVR was baéed,entirely_upoh visual observations '
'_and bhettestvpericd'was very short, By 1953,7Franae. Italy,‘the.ﬂether- |
5rlands, and ‘the United Kingdom were using RVR operationally when thef"

. meteorological visibility was below 1200 meters (1200 yards 1ﬂ the
- United Kingdom) and Ireland was- using VR experimentally. -

: . o . The pnaatzaa oj'r@porttng neeaoﬁvlagzuaé vzezbzlzty at

£ . night as the distance a black objvet would be eeen by day, sec -

. o definttion 2.3.13, wag an imgortant factor in accclerating
' ;the‘uoé'oj’RVR tn Burope. At night the RVK would be roughly S

. three times the ‘mateorological utszbzizﬁ . H@n@@,fr@partad;>'

' ‘f"vzazbzztﬁg had 1ttla meanzng. g ' o

B . range and runway visibillty was not clear, For oxample, at Leﬁaurget '
~ the meteorologleal office was located 1000 feet from the end of the
" inotrument runway and visibility wao determined by observing available
‘ lights.along_the'runvay and airport béundarigs,.,(Specific,dntu,urﬁ_
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not available, but it is believed that the intensity of these lights
in the direction of the meteorological observer was considerably lower
than the intensity in the direction of the pilot.)

3.10.2 Development of RVR in the United Kingdom:-

In the United Kingdom, development of the RVR concept was stimulated
by the advent of the Comet Airliner and, as in the United States, the
Berlin airlift. Ope}'ational use of RVR was started at London airport
following an aceident in fog and the subsequent issuance of the Brabazon
Report.

Operational use of RVR assessments started at Heathrow Airport in
the fall of 1951. Observations were made by an observer located near
the approach end of the runway in a "runway control caravan". The
observer's eye height was approximately 15 feet, and he was about 120
feet from the runway edge. The observers were selected from members.
~ of the rescue and fire-fighting services and chnnged at huurl,y 1ntervals L
to mintain ‘the efficiency of observat.iorxs. - N

quuentiy it hae beon stated that this praaadum mvo..vea :
" no. labor costs. A’though there i8 o direct ¢oat, there i a Lo
. very important hidden cost in that fium.ng p:smada of ta -
- vieibility the number of poreons mediat;ly available for
* five und rescus service is redused by wo, one pamfm
obearving and one in transit.  ,‘ P

‘ : Insmmen_z runways were eqn_ipped with frangible p_uj:&.em- Largets
for day use. The targets were located bayond the far side of the

o rumlay and spaced so that the increment ir distance hetwoen the ob- _
© gerver and the targets was 100 yearda. The target.s were “alx feot. long aﬁd

- three feet high pamted ‘half black and hall‘ whim. (,’mu._;_ by qay the U.K.
- RVR was equivalent to the UiS. RW.) o S

Speeial govseneck ﬂnres havimg an int.ensit.y of about 80() fmndelms o

" were {nstalled near the uno of mrguta. for. use at night us_re(‘emnw

b _ light.s.» A rather edreud tous. calibration procedure was used tdde!.é,x'mne .

the proper distance between the obgerver and sueceasiv@_ 1ights. These
" distances were chosen o that when light number “n". wus at the .
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1limit of visibility, the RVR was n hundred years. In making this
calibration, the average, or representative, intensity of the runway
lights was not used. Instesd the intensity of the runway light in the
direction at which a pilot about 15 feet above the runway centerline
would view the light when it was at a distance of n hundred yards

was used. .

The use of these end-of-runway assesements of RVR so reduced
pilot complaints that the Meteorological Office felt that the need for
slant visibility assessments no longer existed. (However, as will be
discussed later, others in the U.K., did not agree.)

Use of this method of assessing RVR was extended rapidly to other
airports. Often lights other than the *gooseneck"” flares" were used as
reference lights. When the runway edge lights could be seen and
counted by the observer, they were used. In all cases, the observed
visual range of the lights was converted to an RVR based upern runwuy

i centerline 1ights when such 1ights are lnstalled, otherwise it W&ﬁ :
baged upon the edge Lights. . . -
‘ . By 1964 the Lnited Kingdam hed 1gund it nge EsSéP&ité develop & -
- form of automatic duta-transf@r equiym@nt te. pass changes in RVR
: 'finstantaneously a8 they oceur and to provide air traffie controllers,
‘ fianauahly the preeision.appreaeh contchiér, wi;a ah illumﬁnat@d visaal '
if'preséﬁtazian_ofuup-to~dat@AnVQ values so that gil@ta maj-_ ve the o
‘latest VR value dewn to touehdown. The RVA value, ng determined by -
"-;:thz sbserver: from the converaion table, was dialéd to the appreach
- and sercdrﬁma controller's ﬁ@ﬁitiﬁhﬁ whar@ the rﬁqumreﬁ flgures nppear@d
- .on an *llumination {ndloator. Gn13 a few ‘seconds elapséd ‘botween &h@
':,'tim@ the absarvatian was made to the time the HVR was passed to the
‘pliot. A simpler form of this equiptment was used at some airuﬁrtei
‘the obzerver telephored his count of lights tc alr traffie control,
| where the obseivation was converted inte RVR, and the value was fndle
‘gated mechsnleally in 4 master recorder snd tulcmas seally relayed to-
'  31av5 repoaters at the various eontrollers’ positi@ns. The tim
'_f:delaj with this ayatem did fiot exceed 30 sesonds. In-bothAﬁysiémaﬁ-.“
_Au flﬁdhing red light 1ndiuateé ehangés in .*n. o '
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At the present time, the U.K. 1s in a state of transition with
regard to the method of RVR assessment. Instrumented RVR systems
have replaced or are scheduled to replace visual RVR methods at Heathrow,
Gatwick, Glasgow, Liverpool, Belfast, and Edinburgh.

3.10.3 Advantages and Disadvantages of the Visual Method of Assessing RVR:-

Among the advantages of the visual method, as stated by its proponents,
are: - '
a. Automatic compensation for the change in illuminance
threshold produced by the change in background luminance,
particularly during twilight
b, A baseline longer than that of a transmissometer
However, there are several. gerious disadvantages which tbe proponents

l of the vtsual method may have ove:looxed. -Among these are the following

a. The abbenuc of continuous obgervations 1. the .
touchdown zone area. Hence,,evpecially at night,
s it is possible for an undetected fog patch to move

~ in over the approach and touchdown zone. The
increased activity at meteorolog:eal snationa during

_ periods of low vlsibillty, when RVR observations are
most critioal,'precludea the use of itrained personnel-

for runway duly as observers unless the meteorologieal
staff is increased. The resulting use of non-meteornlogical
'personnel a8 observers has a number of problems assoclated
with it. Delays are incurred in transporting people to the
runway observing sites. '
b. There are problems in making the observations
themselves. Runway lights are diff'icult to count at
night becsuse they appear to merge at distances wore

than about 3000 feet. The intensity of the runway edge
lights Iin the diroction of the observer is frequently
very dif'ferent from that in the direction of the pilot,
particurarly at the ashorter viewing distances. Henve,
ingtallation of special lights may be required.

- 6. The vigsual method taciily assumes that the observer's
threshold is equal to the ptlotfs threshold.
(See Section 4.6). ‘
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d, Usually no allowance is made for light losses in the

windsereen.

e. There are no checks on the reliability and accuracy

of the data supplied by an isolated unsupervised observer.

' f. Experience has indicated that changes and trends in the
output of en instrument are detected earlier than from

. visual observations.

o g. Cost of special observers and installations.

All of the factors listed above were considered by the United
- - States in meking their decision to use an instrumental method. However,.
: dgépite these disadvantages, the use of" visual observations ie still
. extensive. I
3.10.4 Development of Instrumental Methods:-

- -Despite the exteusive use of visuul observations, studies of the
use Qf instruments have been conducted In muny European countries including
3 : Great Britain, The feasidbility of using television, automatic
1 A light-counting instruments and transmicsometers hes bteen investigated.

By 1862, the United States, Canads, and the idon of South Afvrica were
;:iusing transmigsometers operationnlly. Australia, Demnark, France,
1‘Netherlandﬂ, Norway, and Switaerluné-weve using them experimentally;
£ . Belgium was expsrimenting with television; and Germany was testing the
a foasibility of'using a photoelectric light-counting device.

-

A detailed report of the status in 1962 of the application of the
runway visual range and the slant visual range concepts throughout the
world is given in the report of the 1963 MET/OPS meeting (70).

- 3.11 1CAO ACTIONS ON RVR

aa - Note: Only those actions of tha ICAVU Confaorence, Divietons
- _ and Panele whioh werz considered to have produced signifi-
’ eant forvard stepe in the davelopment and application of
T . the moway visual range concept are tneluded in this

Scotion of the veport. Gencral digeuesions -and reporte
of ourrent practices, detaile of reporting procedures, cto.,
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have not been included. In this Section the ICAO (English)
spelling of such terms such as meter, center, and color has been
retained in direct quotations in which these spellings

are used.

3.11.1 The Initial Phase:-

The Brabazon Report, issued in the United Kingdom in early 1951,
not only advocated operational use of the runway visual range concept
in the‘United Kingdom but also suggested that Contracting States to
ICAQ should be "invited to take parallel action". This was done and
‘the application of runway visual range Measurements was considered
at the First Air Navigation Conference (1954).

The First Air Navigation Conference (1954) developed a statement
of operaéional requirements for more detailed information on meteorological
phenomena which included the concepts of runway visual range and slant
visual range. It was noted that some States were currently making and
reporting runway visual range operationally or on an experimental basis
but that there were no existing facilities or procedures for making slant
visual range measurements. The Conference recognized that proposals
for standardization were premature and recommended that States submit
information on methods for measuring runway visual range ourrently |
being used or being investigated (60).

The Conference recommended continued investigation on methods
of measuring slant visual range. The Conference also recommended that
States which are not already doing so should provide, as soon as o
practicable, runway visual range observations and reports, at least
for instrument runways, at international aerodromes when low viasibility
conditions exist and where justified by economic, meteorological,
operational and other factors. ' ' ' '

3.11.2 Definition of RVR:-

The following definition of runway visual range was proposed by
the First Air Navigation Conference (60) for further consideration:
“Runway Visual Range - The maximum distance along a runway
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or landing strip, measured in the direction of landing or
take-off from the end from which an aircraft will

approach or from which it will commence its take-off

run, at which the runway, landing strip or the markers

or lights delineating it, are visible.

"Note 1. The use of the word "end" in this definition is not
intended to 1limit the locatlon of the point from which the
observations will be made to the physical end (or beginning)
of a runway, but observations may be made from the touchdown
point, the ILS reference point, or such other points es

may be agreed as most suitable to provide the most
representative observations.

"Note 2. Information given on any particular occasion
should be related to the objects which will be used by
pilots on that occasion visually to determine their pousition
relative to the runway."

The Second Air Navigation Conference (1955), in response to a
recommendation of the International Federal of Airline Pllots
Associations, agreed that RVR reports should be iransmitted to alreraft
en route when there were indications that the horizontal visibility
along the runway was of the order of 1500 meters or less.

This definition of runway visual range, with the exception of Note 2,
was included in PANS-MET 1961,

At the 1964 Meteorology and Dperstions Division Meeting [69), the
definition of runway visual range was modified to take inte account the -
experienee which had been gained in the reporting of RVH as follows:

“Runway vigual range - The maximum distance in the
direction of take-off or landing at which the runway or
the specified lights or markers delineating 1t can be
seen from a specified polnt atove {ts centre line from a
' height corresponding to the. average oye-level of pilots
at touchdown. o
Note. -~ A height of 5 metves ig regarded as a satisfactory
npproximntion to the average eye-level of pilots at touchdown.
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At its third meeting (1964), the Visual Aids Panel [65] found that
when the fog densities corresponding to the Operational Categories (I, II,
IIla, b and c) are defined by runway visual ranges, it is not possible
to specify light intensities and distributions according to category
since changing the intensity charges the visual range. A note was
added to the definition of runway visual range stating "For the
purposes of the specifications/in Annex 14 the specified lights are
considered to e high intensity lights of the order of 10,000 candelas.
Markers are not taken into account'.

Later, at the third meeting of the All Weather Operations Panel,
(571 a Note was added stating "In practice runway visual range cannot be
measured directly from the position specified in the definition but is
an assessment of what a pilot would see from that position".

The definition of runway visual range was revised at the Eighth

Air Navigation Conference [62) to read:
"Runway visual range is the range over which the pilot
of an aircraft on the centre line of a runway can see
the runway surface markings or the lights delineating the
runway or identifying its centre line. _
“"Note 1, - The helght of approximately 5 metres (16 feet).
is regurded as corresponding to the average eye level of
a pilot in an airérart-on the centre line of a runway.
"Note 2 - In practice, runway visual range cannot bde

measured directly from. the position speoified in the derinition -

but is an. aggessment of what a pilot would gee from that
positicm. " =
Note: Until the time of the 8th Aﬁf; as tha'
definition of rumiay visual range vas "refined”,
-1t became a detailed deseription of the procedure
deve loped by the tmited Kingdom, Little or no.
~ attention was given-to the operational application
of the kVR ooncept. The dofinttion recormended by
the 8th ANC resolves the question as to whather '
RVR rwlatcd to the pzlot or tha abaaruor. |
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3.11.3 Standardization of the Operational Application of the
RVR Concept:-

At its first meeting (1960) the Visual Aids Panel [63] agreed
that an international standard on the assessment of runway visual range
was required to ensure the comparability of RVR reports and that a
statement of operational requirements was required to cover such factors
as the location and length of section of the runway over which RVR
should be measured, whether lights, objects, or both should be used as
references, and the degree of misalignment from the runway centerline
that should be allowed, etc.

3.11.3.1 Location:-

Accordingly, "Runway Visual Range Measurement" was an item on
the agenda of the Second Meeting of the Visual Aids Panel ([64)., The
panel recommended:

1. "That runway visual range (RVR) reports be made available for
operational use:

a) for landing purposes on all precision approach runways
intended for use in poor visibility;

b) for take-off purposes on ull runways having high intensity
edge lighting and/or runway centreline lighting, and -
intended for use in peor visibility;

¢) for such other runways us may be agieed locally."

-2. *That, pending establishment of standard locatiens for RVR
observations, States should: '

a) for landing purposes select a loecation adjaeent to the
“runway in the first 300 metres from the threshold and, .

. 1f pracilecable, arrange. f@r su:n\%mﬁntery observations frem :

“other points 60 as to éxt@nd. to ﬁt 1esst 1000 metres from

: the threshold, the seotor of the Punway over which the KVR
-+ can be agsessed waen in the lower operational runges;

b) for tuke-off purposes, if practieable, establish nbaers
vntion sites different from those provided for landing

| purposes, by seleeting one or more locations which will. -
provide an indication of the RVR over the last 1000 metres
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of the average take-off role of the more critical of the
civil transport aireraft regularly using the runway."
3. "That states working on RVR cbservation procedures be invited:
a) to modify their programs where practicable, with a view
to providing information on aspecté of RVR observing and
reporting that need further study before the subject is
congldered at the MET/OPS Meeting (1963) =~--.

Using the material obtained as a consequence of recommendation 3,
the 1964 Meteorology and Operational Divisional Meeting (69]
implemented the first recommendations with the following,

"Runway visual range observations shall be made at aerodromes,

for inclusion in reports issued in accordance wisth 2.2.1, 2.2.2

and 2.2.3, throughout any operationally significant period during
which the horizontal visibility is equal to or less than a value -
not below 1,000 m - specified by regional air navigation agreement,
on runways intended for use during e'ch periods of reduced visibility
and selected as follows:

a) precision approach runways;
b) runwa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>